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ERRATA 

Correction 

for  "Katsuwonids"  read  "katsuwonids" 

for  "coeca"  and  "coecum"  read  "caeca"  and 
"caecum" 

for  "figure  10"  read  "table  10" 

for  "12  /  35  ^   37"  read  "12  /  25  s  37" 

for  "9  ;^  18  "  27"  read  "9  /  18  s  27" 

for  "haemal"  read  "hemal" 

for  "blakish"  read  "blackish" 

for  "pectiral"  read  "pectoral" 

for  "rise"  read  "rises" 

for  "roughtly"  read  "roughly" 

^°^  "akakahiki"  read  "akakajiki" 

for  "shutome"   i^ad  "shutome" 

for   "6  /  10  r  26"   read  "16  /  10  =  26'* 

for  "it"  read  "its" 

"(22)    should  be   "(21)"   and  all  subsequent 
footnotes  are  numbered  one  too  high. 

eliminate   "limited" 

for  "spearfishing"  read  "spearfish" 


FOROTORD 

The  position  which  the  tuna  fishery  had  come  to  hold  among  the 
fisheries  of  Japan  was  a  rather  important  one,  but  now  after  the  defeat 
that  importance  has  increased  markedly  in  comparison  with  the  past. 

The  tuna  fisheries  that  are  carried  on  in  Japan  are  of  several 
kinds s  but  among  them  the  most  important^  whether  from  the  point  of 
view  of  the  scale  of  the  enterprise  or  from  that  of  the  catch,  is 
probably  the  longline  fisheryo   In  this  book  the  author  has  recorded 
all  that  has  been  learned  hitherto^  mainly  from  the  biological  point 
of  view,  about  the  tunas,  which  are  the  resource  that  supports  this  tuna 
longline  fishery^   Accordingly,  ecological  and  general  material  has 
been  presented  for  the  most  part,  and  matters  of  fishing  techniques  and 
the  characteristics  of  various  fishing  grounds  ha'ce  hardly  been  touched 
upono   I  have  the  intention  of  attempting  to  treat  these  in  another 
worko 

The  title  refers  to  the  tunas,  but  in  this  book  the  spearfishes  are 
given  equal  weight.   The  reason  for  this  is  that  the  spearfishes  are 
sometimes  referred  to  as  "spearfish-tuna"  and  are  treated  in  the  same 
way  as  the  tunas.   This,  however,  is  not  the  only  reasoni  the  chief 
reasons  are  that  the  spearfishes  are  second  in  importance  to  the  tunas 
in  the  catch  of  the  tuna  longlines,  and  that  in  their  habits  they  have 
a  great  many  points  in  common  with  the  tunas,,   In  this  sense  one  would 
also  have  to  discuss  the  sharksj,  however,  there  is  still  a  great  deal 
that  remains  to  be  understood  about  the  sharks  and  so  we  must,  unfortuna- 
tely, omit  such  a  discussiono 

The  order  of  the  work  is  to  take  up  the  biological  aspects  first 
and  to  treat  separately  the  morphology,  ecology;,  and  systematics  of  the 
tunas  and  the  spearfishes,,  and  then  to  discuss  the  fisheries  for  both 
together.   However,  as  noted  above,  the  fisheries  are  treated  only  in  a 
general  way. 

Not  a  little  of  the  material  has  been  lost,  and  the  data  which  I 
obtained  in  Taiwan  in  recent  years  I  was  forced  to  leave  behind  when  I 
returned  to  Japan,  so  I  regret  very  much  that  many  parts  of  the  book  are 
abstract  in  treatment, 

February  28,  1947         The  Author 


I„   TUNAS* 


A.   General 

Eo   Elxternal  form 


The  tunas  spoken  of  here  are  the  fishes  of  the  family 
Thunnidaeo   The  Thunnidae^,  along  with  the  Scombridaep  the 
Cybiidaej  and  the  Katsuwonidae  are  representative  of  the 
mackerel-like  fishes  or  Scombriformes   Scholars  sometimes 
lump  these  four  families  together  into  one  to  which  they  give 
the  name  Scombridaeo 

In  general  they  are  large  fishes  with  stout  bodies  showing 
a  roughly  round  shape  in  cross-sectiono   The  mouth  is  at  the  end 
of  the  snout  and  the  jaws  cannot  be  extendedo   Generally  the 
lower  jaw  protrudes  slightly  beyond  the  unpero   Inside  both 
jaws  there  is  a  single  row  of  curved  sharp  conical  teeth^,  and 
there  are  also  villiform  teeth  on  the  vomers  the  palatines ^  and 
the  pterygoid  bones,,   On  the  palatines  there  are  many  calcareous 
plates  covered  with  villiform  teeth^  making  the  palate  feel  rough 
to  the  touchp   This  is  very  different  from  the  fishes  of  the 
family  Katsuwonidae^  which  have  smooth  palatines o   The  eye  is 
of  a  moderate  size  and  is  located  on  a  line  joining  the  tip  of 
the  snout  and  the  middle  of  the  caudal  peduncleo   The  head^ 
depending  on  the  species^  is  l/3  to  l/4  of  the  body  lengthy  the 
proportion  changing  more  or  less  depending  on  age,.   The  length 
of  the  head  is  usually  somewhat  greater  than  the  body  heighto 
The  profile  of  the  belly  is  slightly  rounder  than  that  of  the 
back,  and  the  greatest  body  depth  is  roughly  at  the  center  of 
the  first  dorsals   The  vent  is  located  at  or  slightly  to  the  rear 
of  the  center  of  the  body  without  the  head.   The  caudal  portion 
of  the  body  slopes  sharply  to  the  caudal  peduncles,  which  is 
markedly  compressed  dorsovent rally  and  has  a  pair  of  conspicuous 
keels  on  both  sideso 

The  skin  is  well  developed  and  thick  and  its  connective 
tissue  is  in  several  layers„   Its  fibers  are  arranged  obliquely 
to  the  longitudinal  axis  of  the  body  and  each  layer  is  laid  down 
roughly  at  right  angles  to  the  next,   Consequentlys  when  this 
skin  is  made  into  tanned  leather,  it  has  the  quality  of  not 
stretching  in  the  direction  in  which  these  fibers  are  arrangedj, 
but  of  stretching  obliquelyo 


Translator's  note?   In  his  discussion  of  the  anatomy  of  the  tunas  the 
author  has  supplied  English  equivalents  for  most  of  the  anatomical  terras 
employedo   The  author's  terminology  has  been  followed  in  the  translation 
without  any  effort  to  check  on  the  accuracy  or  suitability  of  the  names 
given  to  bones  and  other  anatomical  featureso 


The  scales  are  developed  all  over  the  body  with  the 
exception  of  the  haad„   On  the  head  there  are  long  narrow  scales 
on  the  pre-opercleo   The  development  of  the  corselet  is  generally 
not  as  clear  as  in  the  Katsxiwonidaeo   Around  the  base  of  the 
first  dorsal  fin  and  above  the  origin  of  the  pectoral  fins  there 
are  large  scales  of  somewhat  modified  formu 

The  lateral  line  is  clear  and  forms  a  wide  V=shaped  bend 
above  the  base  of  the  pectoral  fins,  while  its  posterior  part 
is  fairly  straight.   It  is  simple  in  form  and  does  not  give  rise 
to  any  branches  or  loopso 

The  dorsal  fin  is  divided  into  the  first  and  second  dorsal 
finsc   The  rays  of  the  first  dorsal  are  all  spines^,  while  the 
second  dorsal  has  soft  rays  set  thickly  and  strongly  togethero 
Posterior  to  it  there  are  8=9  finletSo   At  the  base  of  the 
first  dorsal  there  is  a  dermal  groove  within  which  the  greater 
part  of  the  fin  can  be  folded  awayc  The  pectoi-al  fins  are 
generally  iargej,  and  their  shape  is  distinctive  in  the  different 
specieso   The  ventral  fins  have  1  spine  and  5  soft  rays  and  are 
of  ordinary  sizeo   The  anal  fin  is  made  up  of  soft  rays  and  its 
form  is  roughly  similar  to  that  of  the  second  dorsalo   Posterior 
to  the  anal  J,  just  as  posterior  to  the  second  dorsalp  there  are 
finletSj,  but  their  number  is  usually  one  less  than  that  of  the 
dorsal  oneso   The  caudal  fin  is  large  and  strong  and  is  shaped 
like  the  crescent  moonr   Its  rays  are  extremely  stiff  and  both 
the  upper  and  lower  lobes  are  of  roughly  the  same  shapeo   The 
angle  formed  by  their  longest  rays  is  greater  than  a  right  angloo 

The  color  on  the  back  is  generally  black  with  an  indigo 
tinge y  somewhat  lighter  in  some  specie s^  and  the  coloration 
changes  markedly  after  death,   The  color  of  the  back  changes  with 
excitement,  and  when  the  fish  is  caught  it  sometimes  takes  on 
more  or  less  of  a  purplish  sheerio   The  color  of  the  back  becomes 
progressively  paler  toward  the  belly  and  does  not  extend  below 
the  middle  part  of  the  sides,   The  belly  is  generally  white  andj 
depending  on  the  direction  of  the  light  raySj,  in  many  cases  has 
clearly  discernible  diagonal  lines  alternating  with  round  or  ob= 
long  spotso   These  markings  are  particularly  conspicuous  in- 
juvenile  specimensc   The  pectorals^,  second  dorsal^,  and  caudal 
fin  generally  approximate  the  coloring  of  the  backj,  and  in  some 
species  a  development  of  yellow  coloration  can  be  seen  on  the 
second  dorsal ^  the  analj,  and  the  finletso   The  ventral  fins  are 
generally  pale  gray  or  colorless » 

bo  Internal  morphology 

io  Skeleton 

The  skeletons  of  the  fishes  of  this  family  differ  rather 
markedly  from,  those  of  the  fishes  of  the  families  Katsuwonidae 
and  Cybiidae,  but  they  show  a  close  relationship  to  the 


KatsuwonidSp  When  we  compare  therrij  a  course  of  development  leading 
from  the  Soombridae  through  "chs  Cybxidae  to  the  Thi-nnidae  is 
clear '-J  apparent o 

In  the  Soombridae  the  skeleton  is  generalij'  frail  and  weakly 
articulated,  while  in  the  Thunnidae  the  skeleton  is  strong  and 
the  articulations  are  solido 

The  skull  is  roughly  pyramidal  in  shape  and  is  pointed 
nnterioriy,.   There  are  five  conspicuous  projections  at  the  rear. 
Among  these  the  occipital  crest  in  the  center  is  particularly  cons- 
picuous »   Lateral  to  it  are  a  pair  of  temporal  crestSo   Lateral 
to  these  are  the  pt erotic  crests j  and  there  are  deep  grooves 
between  these  projectionso   Looking  at  the  form  of  the   skull  as 
a  whole,  its  length  is  markedly  less  than  in  the  Soombridae  and 
Cybiidae  and  it  is  only  a  little  longer  than  it  is  wideo   The 
breadth  of  the  skull  is  far  greater  than  its  deptho 

There  is  one  ethmoid  bone  located  anteriorly  and  in  the 
middleo   Above  it  is  the  frontal  bone,  and  to  the  side  and  rear 
are  the  prefrontalso   Below  are  the  vomer  and  the  parasphenoido 
On  the  left  and  right  there  are  a  pair  oi"  hornshaped  projections, 
the  ventral  surfaces  of  which  articulate  v/ith  the  maxiilaryo   The 
prefrontal  forms  the  anterior  wall  of  the  eye-socket ^  and  in  the 
center  of  it  there  is  a  foramen  for  the  passage  of  the  olfactory 
nerveo   There  is  one  vomer  at  the  farthest  anterior  edge  of  the 
skull o   Its  anterior  part  is  thickened  and  on  the  ventral  surface 
of  the  center  of  the  thick  portion  there  are  villiform  teethe 

There  is  a  pair  of  large  frontal  boneso   They  are  fused 
together  on  the  center  line  and  form  a  bridge  above  the  eye-=socketSo 
Their  anterior  portions  are  flat^  thin,  and  narrow,  but  the  posterior 
portions  are  broad  and  are  bent  somewhat  ventral ly^   The  anterior 
portions  cover  the  dorsal  surface  of  the  prefrontals  conipletely 
and  extend  onto  the  posterior  part  of  the  ethmoido   The  posterior 
part  articulates  wit?i  or  is  fused  to  the  supraoccipitali,  the 
parietals,  the  sphenotic,  the  pterotic,  and  the  alisphenoids,. 
The  posterior  edges  of  the  frontals  are  not  fused  together  over 
the  alisphenoids  and  form  a  conspicuous  forameno 

The  alisphenoids  are  paired  bones  which  fonii  the  anterior 
part  of  the  floor  of  the  brain  casOo   The  left  and  right  bones 
are  not  perfectly  fused  togetht,-,  but  form  a  large  openingo   The 
anterior  parts  of  these  bones  connect  with  the  frontals „  the 
posterior  parts  with  the  prootic  and  basisphenoticj,  and  the 
lateral  portions  with  the  sphenotico   On  their  dorsal  sides  they 
are  in  contact  with  the  supraoccipitalo 

The  parasphenoid  is  a  long  narrow  bone  which  forms  the 
greater  part  of  the  ventral  side  of  the  skullc   Except  for  its 
anterior  end  and  posterior  portion  it  is  almost  free  of  contact 
with  other  boneSo   Its  anterior  end  connects  with  the  vomer,  the 
frontals,  and  the  basisphenotico   Near  its  posterior  end  two 
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short  wing-iike  projections  extend  laterally  and  connect  with  the 
prootic:, 

The  supraoccipital  is  a  somewhat  longitudinally  extended 
unpaired  bonec   Its  anterior  edge  connects  with  the  occipitalp 
and  laterally  it  contacts  the  parietals  and  epiotico   Posteriorly 
it  gradually  decreases  in  width  and  rests  on  the  central  suture 
line  of  the  epiotic„   This  bone  shows  taxonomic  character! sticso 
In  this  family  the  fishes  generally  have  the  projections  of  the 
supraoccipital  well  developedo 

The  parietals  are  a  pair  of  flat  bones  anterior  to  the  supra= 
occipitalo   Their  anterior  portion  is  surrounded  by  the  occipital, 
laterally  it  is  connected  with  the  sphenotio  and  dorsally  with  the 
pterotico   Posteriorly  they  are  in  contact  with  the  epiotiCo   The 
dorsal  surface  of  this  bone  has  one  longitudinal  projection  which 
forms  part  of  the  temporal  projectiono 

The  sphenotic  forms  part  of  the  lateral  wall  of  the  optic 
lobe,   The  lateral  portion  of  this  bone  forms  part  of  the  articu- 
lating surface  for  the  anterior  end  of  the  hyomandibularo 

The  basisphenotic  is  the  smallest  of  the  bones  of  the  skullo 
It  is  an  unpaired^  Y=shaped  bone  located  between  the  prootic  and 
the  allsphenoido   A  vertical  projection  on  its  center  line  is 
flattened  laterally  and  connects  with  the  parasphenoid^,  dividing 
the  opening  of  the  myodome  in  twoo 

The  epiotics  are  on  both  sides  of  the  posterior  part  of  the 
supraoccipital  anterior  to  the  exoccipital,,   The  posterior  por- 
tions of  these  bones  are  joined  in  almost  a  straight  line^   These 
bones  have  projections  which  join  with  the  temporal  projections c 
On  the  inner  surface  of  the  brain  case  the  epiotics  are  joined 
with  the  supraoccipital,  the  prootic ^  and  the  exoccipital c, 

The  pterotic  is  a  rather  thin,  somewhat  elongated  bone  which 
forms  the  posterior  lateral  side  of  the  skullo   The  anterior  part 
of  this  bone  is  the  pterotic  processo   On  the  ventral  surface 
there  is  a  large  articulating  surface  for  the  hyomandibularo 

The  prootics  are  bones  which  can  be  seen  only  from  the  ventral 
side  of  the  skullo   In  form  they  are  rather  large  and  extremely 
irregular„   The  right  and  left  bones  are  attached  right  on  the 
center  line  of  the  ventral  surface  of  the  brain  case„  and  they  are 
firmly  fused  to  the  various  bones  that  form  the  brain  case,,  but 
they  are  not  enclosed  by  the  supraoccipital  and  the  parietals o 
They  have  thin  vertical  and  horizontal  processes^  the  vertical 
ones  being  high  and  twisted. 

The  exoccipital  corresponds  to  the  neural  spine  of  the 
vertebrae.   It  surrounds  the  foramen  magnum  and  protects  the 
anterior  end  of  the  spinal  cordo   It  can  be  seen  from  both  the 
dorsal  and  ventral  surfaces  of  the  skullo   This  bone  is  surrounded 


by  the  epiotiCj,  opisthotiCj,  prootiCj,  and  basioccipital„  and  is 
also  slightly  in  contact  with  the  pterotic  and  the  supraoccipitalo 

The  opisthotic  forms  the  posterior  portion  of  the  brain 
chamber o   It  is  visible  both  from  the  ventral  and  from  the  dorsal 
sides,  and  is  external  to  the  exoccipitalo   Its  anterior  portion 
and  outer  sides  are  in  contact  with  the  prootic  and  pterotic  boneso 

The  basioccipital  is  a  bone  directly  under  the  floor  of  the 
foramen  magnumo   It  has  a  concave  occipital  condyle  on  its  poste- 
rior portionc,   It  joins  dorsally  with  the  exoccipitalj  anteriorly 
with  the  prootic p  and  vent rally  with  the  parasphenoido 

The  nasal  is  a  somewhat  elongated  bones  flat  in  formo  Its 
posterior  portion  is  fixed  to  the  anterior  edge  of  the  frontal, 
and  posteriorly  it  rests  on  the  palatine,, 

The  preorbital  is  an  elongated  flat  bone  beneath  the  eyeo 
It  has  an  articulating  surface  for  articulating  with  the  process 
on  the  ventrolateral  side  of  the  prefrontal.   The  dorsal  edge  of 
this  bone  is  rather  thick^  but  the  ventral  edge  is  extraordinarily 
thino   It  protects  the  lower  surface  of  the  eyeo 

The  suborbitals  are  thin  flat  bones  arranged  in  a  circle 
posterior  to  the  eye.   They  are  inconspicuous  bones  which  are  not 
greatly  differentiated  from  the  scales  of  the  cheeko 

The  premaxillary  is  a  long  curved  bone  with  a  greatly 
thickened  anterior  endo   The  posterior  portion,  however^  is 
flattened  and  narrow  and  is  without  any  marked  peculiarities 
such  as  grooves  and  so  fortho 

The  maxillary  is  also  a  long  narrow  curved  boneo   Its 
anterior  tip  is  thick  and  has  a  concavityo   It  rests  on  the  pre- 
maxillaryo 

The  palatines  are  on  the  outer  sides  of  the  vomer  and  are 
fused  to  the  anterior  end  of  the  maxillary,,   Palatine  teeth  are 
developed  on  themo   The  pterygoid  is  a  T-shaped  bone  which  is 
joined  by  its  small  horizontal  axis  to  the  palatine..   The  poste- 
rior end  broadens  and  joins  to  the  inner  surface  of  the  metaptery- 
goid  and  the  quadrate.   The  mesopterygoid  is  a  flat  thin  bone 
which  is  joined  to  the  palatine  and  the  pterygoido   Its  inner 
edge  rests  on  the  parasphenoido   There  is  a  band  of  villiform 
teeth  on  this  boneo 

The  hyomandibular  is  a  strong  boner   Its  upper  portion  is 
broad  and  its  lower  part  is  somewhat  rod-shapedo   The  anterior 
and  superior  parts  have  two  articulating  processes  which  articu" 
late  with  the  palatine  /?/o   Posteriorly  there  is  another  process 
which  articulates  with  the  opercieo 
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The  metapterygoid  is  broadj  its  dorsal  edge  is  bif\trcate  and 
embraces  the  rod-shaped  portion  of  the  hyomandibular.   The  quadrate 
is  flat  and  roughly  triangular  in  forme,   At  its  anterior  corner 
it  has  a  marked  saddle=shaped  portion  for  articulation  with  the 
lower  jawo   Its  lower  side  has  a  shallow  groove  to  receive  the 
anteroventral  portion  of  the  preopercleo   The  symplectic  is  a 
small  bonea   Its  anterior  portion  is  sword-shaped  and  fits  into 
the  lower  part  of  the  quadrate^,  but  the  posterior  portion  is  more 
or  less  flat.,   The  lower  edge  is  thick  and  is  connected  by  carti- 
lage to  the  lower  end  of  the  hyomandibularc 

The  articular  is  a  stout  bone  wtiichg  together  with  the  dentary, 
forms  the  lower  jaw„   It  has  three  processes  projecting  anteriorlyo 
The  upper  and  lower  processes  are  small  with  gradually  tapering 
tipso   The  middle  process  is  large  and  its  tip  is  embraced  by  the 
dentarj'o   Posteriorly  it  has  a  large  concave  articulating  surface 
which  articulates  with  the  quadrateo   The  small  angular  bone  is 
firmly  attached  to  the  posterior  inferior  portion  of  this  bone,, 

The  dentaries  form  the  tip  of  the  lower  jaWj,  the  right  and 
left  bones  articulating  at  the  tipo   The  posterior  part  is  large 
and  bifurcate,  embracing  the  middle  process  of  the  articular,   On 
the  dorsal  surface  of  this  bone,,  that  is  the  portion  which  is 
opposed  to  the  upper  jaw^  there  is  a  single  row  of  sharp  teeth 
which  are  curved  inwardo 

Of  the  various  bones  which  make  up  the  gill  covers  the  opercla 
is  a  flat  bone  roughly  square  in  shapeo   Its  anterior  angle  has 
an  articulating  cavity  for  the  hyomandibular^   The  subopercle 
presents  a  rather  triangular  foniio   Its  upper  edge  is  covered  by 
the  operclej,  its  anterior  edge  by  the  interoperolej,  and  its 
posterior  edge  is  free..   The  interopercle  is  oval  in  shapes  its 
lower  edge  is  slightly  serrate  and  forms  the  lower  edge  of  the  gill 
covero   This  bone  is  joined  to  the  posterior  end  of  the  hyoid  aroh  by 
a  ligamento   In  the  tuna  (black  tuna)  its  posterior  edge  is  convex 
but  in  the  other  species  it  is  fairly  straights   The  preopercle 
is  a  large  curved  bonej  the  vertical  edge  of  which  fits  into  a 
groove  in  the  hyomandibular  while  its  horizontal  edge  is  Joined 
to  the  pterygoid  and  quadrate^ 

Of  the  various  bones  that  make  up  the  hyoid  arch^  the  glosso= 
hyal  is  a  single  small  bone  which  is  buried  in  the  tongueo   It  is 
roughly  spatulate  in  shape  and  its  upper  and  lower  edges  are  almost 
straight-o   The  hypohyal  is  posterior  to  the  glossohyal  and  the 
right  and  left  bones  are  fused  togethero   This  bone  is  made  up  of 
two  pieceS;  an  upper  and  a  lowero  The  upper  is  narrow  end  the 
lower  is  broadp  covering  a  good  deal  of  the  upper  one..   The  cera= 
tohyal  is  one  long  flat  bone  with  a  broad  posterior  tipo   Its  upper 
edge  is  concave  and  there  is  a  long  process  on  the  lower  anterior 
edge.   This  bone  and  the  epihyal  are  joined  by  fine  serrate  inden- 
tations and  projectionso   The  four  most  anterior  of  the  branchios- 
tegal  rays  are  supported  on  this  bone;.   The  epihyal  is  a  flat 


triangular  bone  located  posterior  to  the  ceratohyal  to  which 
it  is  bound  by  fine  dentate  processeso   This  bone  supports 
the  remaining  three  branchiostegal  rayso   The  interhyal  is 
a  small  triangular  bone  which  joins  the  hyoid  arch  to  the 
hyomandibular  and  the  symplectic  by  means  of  cartilageo   The 
urohyal  is  a  flattened  elongated  bone  which  increases  in  width 
posterior lyo   Its  anterior  end  is  joined  to  the  hypohyal^ 
while  its  posterior  end  is  free  but  has  a  surface  for  the 
attachment  of  the  muscles  of  the  isthmus  or  the  throato   There 
are  seven  branchial  barSj,  flattened^,  slender^  curved  bones 
which  become  broaderj,  longer^  and  more  curved  posteriorlyo 

Of  the  various  bones  that  make  up  the  branchial  arches j, 
the  basibranchials  are  made  up  of  three  bones  joined  together 
in  a  straight  line„   The  first  bone  is  joined  to  the  ceratohyal, 
the  second  is  short  with  an  oblique  groove  on  each  side^ 
supporting  the  first  gill  archo   The  third  bone  is  the  longest 
and  near  its  anterior  end  there  is  an  oblique  groove  like  that 
of  the  second  bone.   It  supports  the  second  gill  arch„   The 
hypobranchial  is  a  short  bone  attached  to  the  sides  of  the 
second  and  third  basibranchials„   The  ceratobranchials  are 
extremely  long^,  roughly  equal  in  lengthy  and  have  a  groove  on 
their  lower  surfacoo   The  epibranchials  are  short  and  much 
curvedo   The  upper  and  lower  pharyngeals  are  generally  narrow 
boneso 

The  pectoral  girdle  or  shoulder  girdle  is  made  up  of  a 
group  of  so-called  membrane  boneso   Its  upper  part  is  attached 
to  the  skulli  it  cuts  off  the  anterior  part  of  the  abdominal 
cavity  and  at  the  same  time  supports  the  pelvic  finso   Among 
these  bonesp  the  posttemporal  is  a  well -developed  bifurcate 
boneo   Its  dorsal  limb  is  flat  and  is  supported  on  the  epiotic,, 
while  its  ventral  branch  articulates  with  the  central  node  of 
the  opisthotiCo   The  supraclavicle  is  a  small  oval  bone  with 
its  anterior  end  more  or  less  pointedo   Its  lower  edge  is 
thickenedo   The  anterior  part  of  this  bone  joins  the  posterior 
projection  of  the  posttemporal  and  the  main  part  of  it  rests 
on  the  broad  portion  of  the  clavicle.,   The  clavicle  is  a  large 
curved  boneo   Its  dorsal  end  is  broad  and  its  ventral  end  is 
thin  and  pointedo   The  main  body  of  the  bone  is  made  up  of 
two  wing-shaped  parts  j,  an  inner  and  an  outer^  which  meet  at 
roughly  a  right  angleo   The  lower  part  of  the  outer  wing-shaped 
process  is  not  very  greatly  developed,,   The  hypercoracoid  is 
a  small  flat  bone^  the  upper  inner  surface  of  which  articulates 
with  the  clavicles  and  there  is  a  round  hole  in  the  center  of 
ito   The  hjrpocoracoid  is  located  below  and  in  contact  with  the 
hypercoracoid  and  the  anterior  angle  of  its  dorsal  portion 
joins  the  clavicleo   The  inferior  projection  is  broad  and 
uniformly  thine.   The  postclavicle  is  made  up  of  two  bonesp 
the  anterior  and  superior  of  which  is  lamellar  and  rather 
kidney -shape do   The  posterio-inf erior  one  is  broad  anteriorly 


and  somewhat  lamellar  with  sharp  projections„   Posteriorly 
there  is  a  long  sword-shaped  procesSo   This  process  is 
usually  remarkably  large^ 

The  pelvic  girdle  is  a  pair  of  bones  that  support  the 
ventral  finso   These  bones  are  buried  in  the  abdominal  wallo 
The  right  and  left  bones  are  joined  together  and  are  composed 
of  an  anterior  external  portionj,  an  anterior  internal  portion, 
and  a  gladiate  procesSo   The  juncture  between  the  right  and 
left  bones  involves  the  anterior  internal  portions  and  the 
gladiate  portions o 

The  vertebrae  number  is  39  in  this  family  of  fisheso   Of 
these  18  are  abdominal  vertebrae  and  21  are  caudal  vertebrae^ 
so  the  formula  is  18  /  21  s  39,   All  of  the  vertebrae  are 
firmly  articulated  with  each  other,,  and  except  for  the  most 
posterior  J,  that  is  the  two  directly  anterior  to  the  caudal 
fin,  they  can  hardly  move  to  the  left  or  right,.   As  noted 
abovoj  there  is  not  too  great  a  difference  between  the  numbers 
of  the  abdominal  and  caudal  vertebrae ^  but  the  hemal  spines 
are  also  well  developed  on  the  abdominal  vertebrae  so  it  is 
rather  easy  to  mistake  them  for  caudal  vertebraoo   It  will 
be  noted  also  that  the  hemal  spines  of  the  anterior  abdominal 
vertebrae  are  curved  forwardo   The  form  and  structure  of  the 
vertebrae  differ  markedly  depending  on  their  positiono 
These  differences  are  most  marked  at  the  anterior  and  posterior 
ends  and  are  inconspicuous  in  the  central  part  of  the  spinal 
columno   Four  pairs  of  processes  are  well  developed;,  but  the 
anterior  neural  process  is  particularly  sOo   Some  of  the 
abdominal  vertebrae  also  have  lateral  processeso   The  first 
vertebra  is  very  short  and  is  firmly  joined  with  a  serrate 
suture  to  the  posterior  part  of  the  skull  in  such  a  way  that 
many  scholars  have  overlooked  ito 

The  ribs  are  developed  on  vertebrae  posterior  to  the 
second  onej  they  are  broad  and  compressedo 

iit   Viscera 

The  air  bladder  is  generally  well  developed,  but  it  is 
lacking  in  the  koshinaga  (Neothunnus  rarus)o   The  air  bladder 
of  the  albacore  is  slender  and  extends  the  whole  length  of 
the  body  cavity  with  a  swollen  portion  at  the  anterior  tip 
on  the  dorsal  side  on  the  center  line  of  the  bodyo   In  the 
tuna  (black  tuna)  the  bladder  is  broad  and  triangular  in 
shape  with  its  aiterior  edge  forming  a  straight  lineo   The 
bladder  in  the  big -eyed  tuna  is  slender  and  extends  the  whole 
length  of  the  body  cavityo   It  has  two  swellings  at  its 
anterior  tipo   In  the  yellowfin  it  i s  simply  a  slender  sac 
protected  by  thick  connective  tissuoo 


The  mouth  is  large  and  the  oral  cavity  is  gray  or  black. 
There  is  no  boundary  between  the  oral  cavity  and  the  throato 
The  esophagus  is  rather  long  -with  thick  muscular  walls  and 
it  is  clearly  marked  off  from  the  stomacho 

Figure  lo —Dissection  of  a  tuna  (abridged  from  Kishinouye 
lo   kidneys  2o  intermuscular  bones,  3o  lower 
branch  of  subcutaneous  blood  vessel j,  4o  upper 
branch  of  subcutaneous  blood  vessel,  5,  liver, 
60  pyloric  caacas  7c  air  bladders  8"  stomach, 
9o  spleenj,  10„  cloaca,  lie.  anuso 

Figure  2o --Outward  appearance  of  livers 

Left  to  rights   black  tuna,  big-eyed  tuna, 
yellowf in 

The  stomach  is  extraordinarily  long  and  is  conical  in 
shape,  reaching  to  abo-ve  the  anuSo   The  pyloric  orifice  opens 
near  the  cardiac  orifice  on  the  left  side  of  the  stomach. 
The  walls  are  thick  and  tough  with  conspicuous  longitudinal 
folds,  30  -  40  in  numbero   Pyloric  coeca  are  well  developedo 
Although  the  individual  coeca  are  small,  together  they  form 
a  Iso-ge  masso   Each  coecum  does  not  open  individually  into 
the  duodenum,  but  they  open  into  5-10  ducts  of  unequal 
length  which  connect  with  the  duodenum,,   The  intestine  is 
slender  and  fairly  long  and  has  three  bendso   The  small 
intestine  and  the  rectum  are  both  of  roughly  the  same  sizoo 

The  liver  is  brown  and  covers  the  anterior  part  of  the 
ventral  side  of  the  stomach.   It  is  divided  into  three 
lobes  of  approximately  equal  size,  and  in  the  ^lack7  tuna 
the  surface  has  many  small  veins  set  closely  togethero 
Irregular  branch  lobes  may  be  seen.   In  the  big-eyed  tuna  a 
small  number  of  short  venules  appear  only  around  the  margins, 
and  in  the  yellowf in  no  venules  appearc 

The  gall  bladder  is  a  conspicuously  elongated  sac  which 
runs  along  the  intestine  on  the  inner  side  of  the  left  lobe 
of  the  liver.   Its  color  is  generally  greenish.   The  spleen 
is  elongated  in  form  and  somewhat  flattened,  and  it  is 
closely  attached  to  the  vicinity  of  the  boundary  between  the 
duodenum  and  the  small  intestine. 


^Translator's  notes   The  figures  in  this  paper,  except  for  a 
few  graphs,  have  been  omitted  as  they  were  too  poorly 
reproduced  to  copy.   The  captions  have,  however,  been 
retained  to  mark  the  locations  of  the  figures  in  the  original 
text. 
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There  are  four  gills  and  the  pseudobranchiae  are  well 
developedo   The  gill  filaments  are  set  closely  together  and 
their  length  is  roughly  equal  to  the  upper  limb  of  the  first 
gill  arch.   The  gill-rakers  are  well  developed^   The  gill 
cleft  is  extremely  largej  the  gill  membranes  of  the  left  and 
right  sides  are  separate  from  each  other  and  also  from  the 
isthmuso 

The  heart  is  generally  large  in  comparison  with  other 
fishj,  and  a  large  amount  of  blood  and  a  large  number  of  blood 
vessels  are  characteristic  of  these  fishesc 

The  kidneys  are  concentrated  in  the  pectoral  regiono 
This  is  especially  marked  in  the  case  of  the  black  tuna  and 
the  albacoreo   In  the  other  species  these  organs  are  slender 
and  extend  along  the  dorsal  surface  of  the  body  cavityo 

The  urinary  bladder  is  generally  smallj,  but  in  some 
species  it  may  be  conspicuously  developedo 

The  gonads  are  paired  and  lie  on  the  dorsal  surface  of 
the  body  cavityo   The  ovaries  when  ripe  are  very  long  and 
also  quite  thicko   The  testes  are  generally  slender  and 
irregular  in  shape™ 

Co   Ecology 

io  Outline  of  habits 

The  fishes  of  this  family  are  generally  large  and 
migrate  through  the  open  sea  forming  great  schoolso   The 
majority  of  them  are  fishes  of  tropical  seas^  but^,  depending 
on  the  season,  when  the  environment  becomes  suitable  they 
migrate  into  the  waters  of  fairly  high  latitudes,.   They 
generally  occur  in  the  deep  layers  during  the  daytime,  but 
they  characteristically  come  to  the  surface  at  nighto  This 
habit  is  common  to  fishes  in  general  and  is  not  limited  to 
the  fishes  of  this  family.   It  is  thought  that  the  reason  for 
it  is  related  to  the  vertical  movement  of  plankton  and  the 
corresponding  vertical  movement  of  small  animal s„ 

These  fishes  often  swim  in  the  surface  layer  during  and 
directly  after  the  spawning  season^,  but  it  is  said  that  at 
such  times  they  are  extraordinarily  active  and  difficult  to 
oatcho   It  is  knowi  that  they  have  the  characteristic  of 
frequently  leaping  on  the  surface  of  the  water,  it  being 
said  that  the  big-eyed  tuna  in  particular  has  the  strange 
habit  of  leaping  at  dawno 

Generally  they  migrate  ceaselessly  in  the  open  sea„  but 
at  times  they  become  *'shoal  fish"  and  remain  for  a  period  in 
the  vicinity  of  hidden  reefs  or  elevations  of  the  ocean  flooro 
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When  their  movements  are  restricted  hy  their  being  placed 
in  a  confined  space  or  caught  in  a  net  or  on  a  hookj,  their 
resistance  is  very  weak  and  they  die  in  a  short  timeo   Ordinarily 
just  before  they  die  they  are  seen  to  go  into  vxolent  convulsionso 

They  are  fearful  of  nets  and  so  forth,  and  they  will  not, 
until  danger  threatens,  try  to  get  out  of  nets  which  have  such 
large  meshes  that  they  could  easily  pass  through  themo   For  this 
reason  even  though  the  meshes  may  be  very  large  in  the  leads  of 
trap  nets,  they  are  able  to  cut  off  the  movements  of  the  fish 
and  direct  them  into  the  trapo 

According  to  Dro  Kishinouye,  in  their  migrations  the 
males  first  appear  most  abundantly,  then  the  females  gradually 
increase  in  numbers,  and  finally  the  females  become  most  numerous. 

iio   Food  habits 

The  tunas  are  carnivorous  and  are  generally  voracious,,   As 
fish  which  swim  in  the  open  seas,  they  have  in  general  the 
feeding  habits  of  plankton-f eederso   In  many  cases  they  feed  on 
planktonic  crustaceans,  argonauts,  and  the  small  fish  which 
accompany  floating  logs,  and  such  things  as  jellyfish  are  also 
found  from  time  to  time  in  the  stomach  contents,   In  the  overall 
picture  squids  are  the  most  numerous,  but  in  the  last  analysis 
it  is  probably  correct  to  consider  that  they  feed  on  whatever 
animals  are  most  abundant  and  easiest  to  catch  in  the  waters 
in  which  they  occuro   Consequently,  even  assuming  that  they  have 
taste  in  foods  and  that  they  select  what  they  eat,  it  is  hard 
to  believe  that  these  characteristics  are  very  pronouncedc 

IThen  it  comes  to  large  tuna,  there  are  cases  where  they 
have  eaten  mackerel  and  frigate  mackerel  up  to  40  cmo  in  length, 
and  judging  from  their  position  in  the  stomach  it  is  thought 
that  they  are  swallowed  head  firstc   An  examination  of  fish  which 
have  been  eaten  in  this  fashion  commonly  shows  scars  from  bites 
on  the  trunk,  and  therefore  it  is  thought  that  the  tuna  first 
bites  from  the  side  and  gives  a  fatal  wound  after  which  it 
swallows  its  preyo 

In  general  they  eat  live  food,  but  they  are  not  limited 
to  such  food,  and  in  the  case  of  bait  used  on  hooks  they  will 
take  dead  or  even  salted  fisho  When  they  are  moving  on  the 
surface  of  the  water  they  will  even  bite  on  artificial  lures„ 
When  they  take  the  bait  they  are  said  to  attack  it  at  extremely 
high  speed  and  then  to  dive  deep  turning  obliquely  to  the  rearo 
If  we  consider  the  manner  in  which  the  fish  actually  move  when 
they  are  hooked  on  longlines,  the  spearfishes  and  sharks  for 
the  most  part  attempt  to  escape  horizontally  and  in  their 
struggles  they  tangle  the  branch  lines,  but  the  tunas  generally 
try  to  escape  in  a  vertical  direction  and  thus  rarely  tangle 
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the  lineso   They  are  extraordinarily  strongs,  and  it  is  not 
unusual  for  a  large  black  tuna  to  drag  a  glass  ball  float  30 
cnio  in  diameter  deep  down  into  the  water,  sometimes  so  far 
that  it  is  burst  by  the  water  pressurOo 

According  to  Dro  Kishmouyej  the  tunas  do  not  seek  food  on 
the  bottom  of  the  ocean^  but  it  appears  that  one  cannot  make 
an  absolute  statement  to  that  effecto   As  a  concrete  examples, 
the  author  has  seen  dead  leaves  and  gravel  among  the  stomach 
contents  of  several  yellowfin,   Since  these  yellowfin  were 
taken  in  the  vicinity  of  Halmahera  I„  and  Sangi  lo ,  it  may  be 
thought  that  there  is  a  possibility  that  these  fish  seek  food 
on  the  bottom  near  small  islands  and  reefso   Of  coursej  it  is 
hard  to  believe  that  these  dead  leaves  and  gravel  were  eaten 
by  the  yellowfin  as  food^  so  it  should  probably  be  considered 
that  they  were  swallowed  along  with  some  animals  from  the 
bottomo 


Figure  3o— Juvenile  /blaoV^  tuna  (after  Gamahara) 


iiic   Spawning  and  growth 

The  facts  that  are  known  concerning  the  spawning  of  "che 
fishes  of  the  family  Thunnidae  are  extremely  fewj  only  a 
certain  amount  of  information  being  available  in  regard  to 
the  black  tuna  and  the  yellowfinc. 

The  spawning  season  of  the  black  tuna  which  migrate  into 
Japanese  waters  is  thought  to  be  about  June  to  July,  and  it  is 
believed  that  they  spawn  in  the  offshore  waters  of  the  Pacifico 
Dro  Kishinouye  says  "in  June  and  July  the  gonads  become  extra- 
ordinarily  large  and  the  fish  congregate  at  the  surface, 
frequently  showing  their  dorsal  fins  above  the  water.   This 
phenomenon  is  seen  in  the  northern  coastal  waters  of  Japan  on 
both  the  Pacific  and  Japan  Sea  sidesc   These  ripe  fish  are 
mixed  in  with  immature  fisho   I  have  not  yet  seen  any  completely 
ripe  gonads,  but  in  August  the  gonads  are  already  spent,,   For 
these  reasons  it  is  thought  that  the  black  tuna  spawn  in  the 
offshore  waterso   In  late  summer  and  early  autumn  small 
juvenile  fish  appear  off  southern  Kyushu"  and  central  Honshu, 
however,  tuna  with  ripe  gonads  are  unknown  from  these  waters » 
Ripe  adult  fish  are  seen  farther  north,  but  it  is  hard  to  believe 
that  these  juvenile  fish  have  migrated  down  from  the  northo" 
Kawana  (1935)  has  also  reported  spawning  in  the  Japan  Seao 

At  the  time  when  Dro  Kishinouye  voiced  the  above  views, 
the  southern  limit  of  the  distribution  of  the  black  tuna  was* 
thought  to  be  in  the  waters  adjacent  to  Tanegashima,   In  1935 
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it  WAS   ascertained  that  the  black  tuna  also  occurs  in  the  waters 
of  Formosa  and  the  Philippine So 

The  schools  which  inigrate  into  Formosan  and  Philippine 
waters  are  markedly  larger  than  those  which  appear  in  southern 
KyiTshu'  in  the  winter »  and  it  is  believed  that  they  belong  to  a 
different  age  groupt.   The  spawning  season  in  this  area  is 
thought  to  be  about  2  months  earlier  than  that  in  Japan  or  from 
the  middle  of  April  to  the  middle  of  May„   The  author  has 
obtained  completely  ripened  ovaries  from  northwest  of  Lingayen 
Gulf  in  the  middle  of  Mayo   Many  well-ripened  ovaries  and  testes 
have  also  been  collected  from  northeast  of  Luzon  in  Mayo 

Since  the  time  when  Dr,  Kishinouye  made  the  above-quoted 
remarks  it  has  been  completely  unknown  whether  or  not  the  black 
tuna  spawns  in  the  waters  of  the  Formosanand  Philippine  areas„ 
In  recent  years  migration  of  black  tuna  into  the  waters  adjacent 
to  Tanegashima  has  almost  ceased,  but  there  appears  to  have 
been  little  change  in  the  occurrence  of  juvenile  fish  in  late 
summer  and  early  fallo   If  it  is  assumed  that  there  have  always 
been  in  the  past  migrations  into  the  Formosan  and  Luzon  areasp 
and  that  spawning  has  taken  place  there,  Dro  Kishinouye 's 
doubts,  as  quoted  above,  can  probably  be  easily  resolvedo 

Dro  Kishinouye  felt  some  doubt  concerning  the  proposition 
that  in  the  waters  adjacent  to  Japan  the  juvenile  fish  appear 
to  the  south  of  the  waters  in  which  spawning  takes  place,  and 
wrote  that  he  found  it  hard  to  believe  that  the  juvenile  fish 
migrated  down  from  the  north,   If,  however,  it  is  assumed  that 
these  fish  also  spawn  in  the  Formosan  and  Philippine  areas, 
considering  the  pattern  of  the  ocean  currents  there  is  nothing 
at  all  strange_in  the  appearance  of  the  juvenile  fish  off 
southern  Kyushu » 

As  will  be  explained  later  in  the  section  on  the  spawning 
habits  of  the  spearfishes,  the  spawning  of  these  fishes  extends 
over  an  extraordinarily  long  period,  and  is  carried  on  over  a 
wide  area  of  ocean,  it  is  believedo  We  say  that  it  extends 
over  a  long  period  of  time,  but  this  applies  to  the  organized 
schools  in  general  and  does  not  mean  that  the  spawning  of  one 
individual  lasts  over  a  long  periodo   As  Dro  Kishinouye  has 
also  explained,  the  schools  are  made  up  of  individuals  having 
their  gonads  in  various  stages  of  ripenesSj,  and  it  is  thought 
that  they  carry  on  their  reproductive  activities  successively 
beginning  with  the  ripest„   Spa-w.Tiing  habits  of  this  sort  are 
peculiar  to  these  fishes,  and  are  considered  to  have  an  impor- 
tant significance  in  determining  the  character  of  the  stock  and 
the  fisheryo 

The  ova  in  ripe  black  tuna  ovaries  are  0o85  mmo  in  diameter. 
The  eggs  as  a  whole  are  clear  and  almost  colorless  with  one  oil 
globule  of  a  rather  deep  yellow  coloro   Around  the  oil  globule 
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there  can  be  seen  a  paie  yellow  nimbus.   The  ova  are  perfect 
spheres  J,  no  structures  being  visible  on  the  vitelline  membraneo 
The  figure  differs  depending  on  the  size  of  the  fishp  but  in 
an  individual  of  270  -  300  kgo  the  number  of  ova  ripened  at 
one  time  is  IpOOOpOOOo 

Nothing  at  all  is  known  as  yet  of  the  form  of  the  larvae 
just  after  hatching^  nor  of  the  course  of  development  that  they 
followo   In  late  summer  fish  of  about  250  nrnio  body  length  and 
20  gro  weight  can  be  taken  on  pole  and  lineo   Such  fish  are 
called  imoshibi  in  Miyazaki  Prefecturep  kakinotane  in  Kanagawa^ 
and  abuko  or  bintsu  in  the  Mie  Prefecture  areao   On  fish  of 
this  size  10  -  15  pale  stripes  can  be  seen  on  the  sides^^ 
These  transverse  bars  are  divided  into  two  on  the  belly j,  and 
they  gradually  fade  out  as  they  approach  the  midline  of  the 
bellyo   By  winter  they  are  already  about  400  mmo  in  lengthy 
by  the  following  spring  they  are  600  mm„  j,  and  by  summer  they 
have  grown  to  about  2-3  kg.   In  Formosa  around  February  fish 
about  400  mmo  in  length  are  taken  only  very  rarely,  and  the 
larval  stages  are  almost  never  seen„   At  this  stage  they  often 
form  schools  together  with  frigate  mackerels  and  their  food 
is  mainly  planktonic  crustaceanSo 

As  noted  above,,  the  growth  of  the  black  tuna  is  extra- 
ordinarily rapido 

No  concrete  data  have  as  yet  been  obtained  concerning 
the  spawning  habits  of  the  albacorep  the  big-eyed  tuna,  and 
No  raniSo 

For  the  yellowfin  too^,  no  exact  information  has  been 
obtained  other  than  the  hypothesis  that  they  probably  spawn 
in  the  warm  seas  of  the  southc   In  recent  years  in  Formosa 
the  author  has  collected  a  large  number  of  eggs  from  ripe 
ovarieso   The  season  has  been  around  March  =  Mayo   The  yellow= 
fin  taken  in  the  South  China  Sea  at  about  that  time  generally 
have  well  ripened  gonads,  and  from  this  circumstance  it  is 
thought  that  in  these  waters  the  spawning  season  of  the 
yellowfin  is  around  March  ■=  Mayo   In  the  series  of  enclosed 
seas  composed  of  the  Celebes  Sea,  the  Banda  Sea,  and  the 
Flores  Sea,  it  appears  that  spawning"  also  occurs,  with  the 
seasons  apparently  overlapping  som.ewhato 

The  form  of  the  eggs  is  absolutely  the  same  as  that  of 
the  eggs  of  the  black  tuna,  and  it  is  difficult  to  distinguish 
them  by  their  outer  appearanceo 

From  April  to  June  the  so-called  kimejl  /small  yellowfiriT" 
appear  in  large  numbers  off  the  east  coast  of  Formosa  where  they 
are  taken  in  trap  netso   They  are  about  500  mmo  longo   Such 
fish  are  also  taken  in  the  Okinawa  area  about  the  same  time„ 
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ivo   Distribution  and  migration 

As  has  already  been  stated^,  the  fishes  of  this  family  are 
widely  distributed  in  the  open  seas^  and  they  generally  inhabit 
warm  waters.   Many  species  have  been  reported  from  all  of  the 
oceans  of  the  world,  and  it  is  thought  that  among  them  there 
are  quite  a  few  which  are  the  same  species  under  different 
nameso   As  a  result  of  recent  studies  it  is  thought  by  some 
that  the  species  in  Japanese  waters  are  the  same  as  those  which 
occur  in  the  Indian  Ocean  and  the  AtlantiCo 

The  albacore  shows  an  extraordinarily  broad  range, 
occurring  throughout  all  of  the  warm  waters  of  the  Pacific  and 
Indian  oceanso   It  is  a  markedly  pelagic  species  and  has  not 
yet  been  reported  from  the  Japan  Seao   Nor  is  it  plentiful  in 
the  South  China,  Sulu,  Celebes^,  and  Flores  seaSj,  a  series  of 
waters  having  the  characteristics  of  enclosed  basins.   The 
northern  limit  of  their  distribution  in  Japanese  waters  is  in 
the  vicinity  of  43°  No   Around  late  autumn  they  gradually  migrate 
to  the  southwest,  and  in  the  winter  they  are  plentiful  between 
30°  and  34°  Nc ,  the  fishery  being  active  in  the  waters  of  the 
Izu  Isc,  the  Kinan  Sea  Areaj  and  off  Tosa,   The  most  notable  of 
the  fishing  grounds  is  that  east  of  Nojimazaki  in  the  area 
centered  around  30°  No  and  east  of  150°  Eo   In  spring  the 
albacore  begin  their  migration  to  the  north,  and  it  is  said  that 
this  migration  follows  that  of  the  black  tuna  and  precedes  that 
of  the  skipjacko 

Among  the  various  sea  areas  of  the  souths  in  the  South 
China  Sea  the  fish  appear  around  February  ~  March,  but  their 
distribution  is  mostly  limited  to  the  vicinity  of  the  Bashi 
Straito   Almost  nothing  is  known  as  yet  of  their  distribution 
and  migrations  in  such  areas  as  the  Sulu,  Celebes p  and  Flores 
seaso   In  the  former  Japanese  mandated  area,  that  is  the 
equatorial  central  Pacific p  the  albacore  taken  on  the  yellow- 
fin  longlines  are  about  1  percent  of  the  total  catch  (tunas 
and  spearfishes  onlyX 

The  black  tuna  is  the  most  common  tuna  in  the  waters 
adjacent  to  Japano  During  the  winter  they  are  taken  scattered 
generally  over  the  area  in  the  vicinity  of  30°  No   As  a  fishing 
ground  the  vicinity  of  Tanegashima  has  been  noted  in  the  past, 
but  lately  it  has  become  almost  impossible  to  find  the  fish 
theroo   In  the  past  they  began  to  appear  sporadically  around 
Tanegashima  about  December  and  the  schools  gradually  became 
denser  as  the  days  passed,  the  peak  season  in  these  waters 
lasting  until  about  Februaryc   Thereafter  the  fish  gradually 
moved  north  with  the  Kuroshio,  a  part  of  them  going  along  the 
Tsushima  Current  into  the  Japan  Sea,  traveling  for  the  most 
part  through  the  coastal  waters  of  Japano  When  the  power  of 
the  warm  currents  was  great,  the  fish  sometimes  passed  through 
the  coastal  w aters  of  Hokkaido  and  reached  the  western  shores 
of  KarafutOo 
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The  tuna  which  moTe  north  along  the  Pacific  side  pass 
through  the  waters  off  Sanriku  by  summer  and  reach  Hokkaido 
and  the  Kurileso  During  this  northward  migration  their  route 
lies  very  close  to  land  and  they  are  taken  abundantly  in  trapsc 
It  is  also  said  that  they  generally  swim  close  to  the  surfaceo 
They  remain  in  the  Hokkaido  area  until  autumn^  and  then  with 
the  falling  temperatures  they  turn  southwardr.   It  is  thought 
that  at  this  time  they  take  a  route  farther  offshore  and  swim 
at  somewhat  greater  depths o 

There  are  schools  which  are  believed  to  make  a  migration 
completely  different  from  this^   These  are  the  schools  iflrtiich 
appear  in  the  Formosan  and  Philippines  regions.   The  reasons 
for  thinking  them  a  different  population  are  their  aforementioned 
markedly  greater  size^,  their  having  a  markedly  later  season  for 
migrations  and  the  difference  in  spawning  season„ 

In  the  schools  which  appear  in  the  waters  adjacent  to 
Luzon  and  Formosa  the  fish  are  generally  of  large  sizej,  those 
taken  at  the  beginning  of  the  season  being  almost  all  over  300 
kgo   As  time  passes  they  gradually  become  smaller  in  size^,  but 
even  at  the  end  of  the  season  fish  of  less  than  150  kgo  are 
extremely  rare.,   However,  according  to  Dro  Kishinouye's 
observations  on  the  tuna  taken  in  the  vicinity  of  Tanegashima, 
a  fish  as  large  as  150  kgo  would  be  considered  to  be  on  the 
big  sidec   The  fishing  season  in  the  Luzon  and  Formosan  waters 
has  in  recent  years  gradually  been  becoming  earlierc   The  fish 
appear  in  the  northern  part  of  the  South  China  Sea  in  the  middle 
of  February  in  early  years  and  ordinarily  in  the  middle  of 
Marcho   The  schools  suddenly  become  densely  concentrated  both 
on  bhe  east  and  west  in  an  area  centered  around  the  Bashi  Strait, 
and  in  April  and  May  the  fishing  season  is  at  its  heighto   In 
other  words  1  the  season  is  more  than  two  months  later  than  in 
the  Tanegashima  v/aters„   In  June  when  fishing  in  the  South 
China  Sea  area  is  coming  to  an  end,  the  fishing  grounds  shift 
into  the  area  of  the  Kuroshio^   Then  there  are  no  longer  any 
concentrated  fishing  grounds,  but  catches  are  made  scattered 
over  a  broad  area,  showing  that  the  schools  are  moving  northo 

The  above  two  strains,  considering  the  size  of  the  fish 
that  compose  them^,  are  thought  to  be  clearly  two  different  age 
groupsc   Since,  however,  it  appears  that  the  schools  -viiich 
appear  in  the  south  also  move  north  along  the  Kuroshio,  it 
would  be  hard  to  say  definitely  that  there  are  no  fish  from 
the  south  among  the  large  tuna  that  are  taken  in  the  Hokkaido" 
area  in  the  summer  and  fallo  ,  Up  to  now  the  relationship 
betiveen  these  tw'^o  strains  has  been  completely  unknownc   This 
is  particularly  the  case  now  that  there  is  no  method  of  making 
a  comparison,  since  in  recent  years  it  has  got  so  that  the 
schools  do  not  appear  in  the  vicinity  of  Tanegashima  at  alio 


There  are  no  reports  at  all  yet  from  the  central  Pacific, 
particularly  from  the  Ogasawara  area.  If  it  is  as_sum8ds,  for 
example^  that  the  schools  which  are  in  the  Ho^ikaido  area  during 
the  summer  and  autumn  move  south  and  appear  in  che  Bashi  Strait 
region,  it  may  be  thought  that  there  is  a  possibility  that 
their  route  touches  the  region  of  the  Ogasai'-araso  The  need  for 
a  thorough  survey  of  this  area  is  keenly  felto 

This  species  is  also  known  from  Hawaiian  waters o   An 
extremely  similar  species  is  also  known  from  the  Pacific  coast 
of  Americai,  and  there  is  another  similar  species  in  the  southern 
hemisphereo   It  is  thought  by  some  scholars  that  these  species 
and  the  one  in  the  Atlantic  are  all  the  same  species,,   In  any 
cases,  there  is  a  necessity  for  a  thorough  study  of  the  question 
of  whether  or  not  these  are  after  all  the  same  identical 
specieso   Assviming  that  they  are  all  the  same  — »  which  may  well 
be  believed  to  be  the  case  --  unless  their  inter-relationships 
are  thoroughly  studied  it  will  be  impossible  to  give  a  theoreti- 
cal explanation  of  the  decline  of  the  stock  in  the  waters 
adjacent  to  Japano 

The  big-eyed  tuna  has  much  stronger  pelagic  characteristics 
than  the  black  tuna,  and  no  proof  has  been  given  of  its  being 
distributed  in  the  Japan  Sea,,   The  northern  limit  of  its  dis- 
tribution is  43*^  No   It  is  broadly  and  generally  distributed  in 
the  waters  to  the  souths  but  its  density  is  roughly  uniform  with 
no  great  diff erenceso 

The  other  tunas  differ  in  their  distribution  mainly  with 
regard  to  latitude^  however j,  it  is  an  interesting  fact  that  not 
much  change  with  latitude  in  the  distribution  of  the  big -eyed 
tuna  can  be  perceived |  there  appears  to  be  a  tendency  for  their 
occurrence  to  be  mainly  related  to  the  longitude  (figure  4)o 

In  figure  4  the  range  from  120°  -  180°  Eo  has  been  cut 
into  sections  of  5°  of  latitude  and  the  longitude  has  been 
marked  off  at  every  2°o   Then  the  catch  rate  for  each  division 
of  5°  of  latitude  by  2°  of  longitude  has  been  calculated  from 
the  records  of  investigations  carried  on  theroc   There  is  no 
great  difference  in  the  curve  with  regard  to  the  latitude^  but 
there  is  clearly  a  slope  from  east  to  westo   In  other  words p 
the  catch  rate  gradually  increases  toward  the  heart  of  the 
Pacifico 

The  yellowfin  is  the  representative  tuna  of  the  tropical 
sea  areas,   It  also  occurs  in  enclosed  sea  areas  and  is  known 
from  the  Japan  Sea,  although  it  is  rare  thereo   The  northern 
limit  of  its  distribution  in  the  western  Pacific  is  around 
35°  No,  rarely  reaching  to  40°  N„ ,  however  j,  it  is  rather  excep- 
tional for  it  to  reach  this  far  norths  and  it  is  almost  without 
significance  as  an  object  of  the  longline  fisheryo   Its  possession 
of  a  certain  amount  of  significance  in  the  longline  catch  varies 
with  the  season,  but  at  the  farthest  it  extends  to  the  vicinity 
of  30°  No 
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?naen  they  migrate  north  in  the  summer  these  fish  sometimes 
enter  the  coastal  waters,  and  they  generally  swim  in  the  surface 
layero  When  they  are  young  they  sometimes  form  mixed  schools 
with  skipjack,  and  sometimes  school  separately  by  themselveso 

In  the  general  viewj,  the  densest  occurrence  of  the 
yellowfin  is  in  the  area  of  the  Equatorial  Countercurrentj  and 
its  north-south  extension  is  comparatively  narrowo   In  the 
Indian  Ocean  area,  tooj,  its  densest  distribution  is  in  the 
vicinity  of  the  Equatoro   Among  the  fish  of  the  open  seas  in 
these  low  latitudes  small  individuals  generally  predominate^, 
and  it  appears  that  those  of  around  30  =-  35  kgo  are  most  numerouso 
The  fish  which  occur  in  subtropical  sea  areas  and  in  enclosed 
waters  are  generally  larger  in  size^  with  an  appsirent  tendency 
for  individuals  of  around  40  -  50  kgo  to  predominateo   It  is 
impossible  under  present  conditions  to  state  definitely  whether 
or  not  such  a  phenomenon  is  conclusively  establishedo   If  such 
v;ere  the  case,  it  v^ould  be  very  interesting  and  would  have  an 
important  significance  ecologically^ 

In  the  case  of  the  skipjack  also,  a  roughly  similar 
phenomenon  is  seen  in  that  those  which  migrate  widely  in  the 
open  sea  are  said  to  be  generally  schools  of  young  fish,  while 
among  those  that  occur  in  subtropical  waters  and  enclosed  sea 
areas  mature  fish  are  said  to  predominate  for  the  most  parto 

Figure  5  shows  the  distribution  of  yellowfin  with  respect 
to  latitude.   In  the  figure  the  area  from  140°  Eo  to  150°  Bo  is 
divided  every  2°  and  the  catch  rate  is  calculated  for  each  10° 
of  longitude  and  2°  of  latitude  on  the  basis  of  data  from 
fishing  ground  survey.So 

As  the  figure  shows  very  clearly,  the  catch  rates  of  the 
yellowfin  tuna  have  a  south  to  north  slope,.   As  it  moves  north- 
ward from  the  Equator  the  catch  rate  drops  rapidly  and  reaches 
a  low  point  in  the  vicinity  of  10°  -  12°  No 

Around  20°  No  a  low  peak  appears,  and  northward  from  this 
point  the  catch  rate  gradually  becomes  lower o   This  figure  shows 
the  range  from  140°  Eo  to  150°  Eo ,  but  if  the  range  of  120°  - 
160°  Eo  is  divided  every  10°  and  the  same  sort  of  catch  rate 
curve  is  drawn,  the  trend  of  the  curves  coincides  perfectly, 
although  there  is  some  difference  in  the  catch  rateSo   In  other 
words,  the  distribution  of  yellowfin  tuna  in  the  western  Pacific 
does  not  show  any  great  variation  with  longitude,  that  is  in  an 
east-west  directionp  but  may  be  said  to  be  related  mainly  to 
the  latitude  with  north-south  variationo 

As  noted  above^,  the  distribution  of  yellowfin  is  extremely 
dense  in  the  vicinity  of  the  Equatoro   However,  as  will  be  shown 
in  a  later  chapter,  the  distribution  varies  a  good  deal  seasonally 
and  they  are  not  distributed  at  all  uniformly  throughout  the  year, 
(See  figure  10)c 
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Even  within  the  Equatorial  Countercurrent  the  density  of 
distribution  varies  'jvith  the  season  as  has  already  been  stated 
and  as  will  be  set  forth  in  a  later  chaptero   When  the  varia- 
tions in  the  density  of  distribution  in  the  northern  and 
southern  hemispheres  are  compared  by  means  of  the  catch  rates, 
there  appears  to  be  an  increase  in  density  in  the  summer  in 
both  hemispheres,  but  unfortunately  because  of  the  paucity  of 
data  from  the  southern  hemisphere  it  is  not  possible  to  make 
a  thorough  examination  of  the  correlationc   For  the  northern 
hemisphere  there  are  insufficient  data  on  the  situation  in  the 
vicinity  of  the  Equator  during  the  sumirier  and  so  the  picture 
is  not  very  clear j,  but  on  the  curve  shown  in  figure  5  the  peak 
which  appears  in  the  vicinity  of  20°  No  is  extraordinarily 
clear  and  a  tendency  can  be  detected  for  it  to  move  about  5° 
to  the  northo 

Of  course  no  conclusion  can  be  drawn  in  any  case  because 
of  the  insufficiency  of  the  data,  but  if  the  above  circumstances 
are  considered  in  conjunction  with  each  other,  it  may  be  thought 
that  the  schools  seem  to  carry  out  a  great  north-south  movement 
centered  around  the  Equator  with  the  change  of  the  seasonso   If 
this  were  established  as  a  fact,  it  would  probably  give  rise  to 
the  conclusion  that  the  yellowfin  are  a  single  stocko   However, 
before  that  conclusion  can  be  drawn  there  is  a  need  for  detailed 
and  large-scale  studies  and  surveys „   Considered  within  the 
scope  of  the  data  actually  available  now,  it  is  thought  that 
even  assuming  that  the  stock  itself  is  single,  there  must  be  a 
number  of  different  age  groups  in  different  areas  following 
differing  routes  of  migration^ 

Dr„  Kishinouye  had  the  following  to  say  of  the  scombroids: 

"Generally  speaking  of  scombroid  fishes,  large  and 
old  are  caught  at  the  beginning  of  the  season,  while  at 
the  end  of  the  season  only  young  and  small  ones  are  caughto 

Generally  the  male  fish  come  first,  in  the  middle 
of  the  fishing  season  the  number  of  both  sexes  is  nearly 
equal,  and  at  the  end  of  the  season  the  female  fish  pre- 
dominate c" 

If  these  tTATo  quotations  are  combined,  they  must  mean  that 
the  large,  mature  fish  which  are  taken  at  the  beginning  of  the 
season  are  males,  the  medium-sized  ones  that  are  taken  in  the 
middle  of  the  season  are  equally  divided  between  males  and 
females,  and  the  small  ones  taken  at  the  end  of  the  season  are 
female So 

Such  phenomena  may  have  an  extremely  important  significance 
both  to  the  study  of  the  ecology  of  these  fish  and  to  the  actual 
operation  of  the  fisheries o   The  author  has  investigated  a 
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similar  phenomenon  in  the  spearfishes  of  the  waters  adjacent  to 
Fonnosao   The  results j,  interestingly  enough,,  are  completely- 
opposite  to  the  case  of  the  scombroids  £,  as  will  be  shown  later,, 

As  regards  similar  problems  with  the  yellowfin  tuna,  the 
'author  has  only  a  little  material  and  so  cannot  set  forth  any 
concrete  opinion,  but  table  1  cites  an  examplon   In  those  fish 
which  are  of  sizes  to  the  left  of  the  dividing  line  in  the 
tables  the  sex  ratio  is  close  to  1  s  1,,  while  in  the  larger  ones 
there  is  a  marked  predominance  of  maleso   This  condition  cor- 
responds  to  that  cited  by  Dro  Kishinouye  for  the  early  part  of 
the  fishingo 

Table  lo   Sex  ratios  and  size  differences  by  sex 

(yellowfin,  June-September  1937 j,  Bast  Philippine  Sea) 


Weight  4   7  10  13 

/  /   /   / 


16  19  22  25  28  31   34 

^      ^         .       ,         ,  /////// 

(kg)  7    10     13      16     19     22      25     28      31     34     37 

Females   008643246 


Males 


0  1 


8 


4 


8 


12   16 
(61) 

10  18 
(63) 


37  40  43  46  49  52  55  Total 

/   /  /       /   /   /   / 
40  43  46   49   52   55  up 


22   14   12 


30  35  42   26   17   12 


0  119 
(58) 

2  227 
(164) 


Notes   Figures  in  parentheses  are  the  totals  on  each  side  of  the  vertical  ruleo 


The  distribution  of  No_  rarus  is  not  yet  well  understood^ 
but  in  Japanese  waters  it  is  known  only  from  southern  Kyushu  to 
the  Nansei  Shoto  regiono   Of  all  the  species  of  tuna,  this  one 
seems  to  have  the  greatest  preference  for  the  coastal  water 
areas s  and  it  apparently  is  seen  commonly  in  the  vicinity  of 
tropical  islandSo 

Figure  6  shows  the  distribution  with  respect  to  latitude 
of  all  of  the  tunas  except  the  black  tuna  and  IL,  rarus o   The 
curves  of  the  catch  rates  in  the  range  of  140°  -  150°  east 
longitude  have  been  drawn  In  the  same  way  as  in  the  preceding 
f  igui'eSo 

As  is  clear  from  the  figure j,  the  yellowfin  plays  a 
controlling  role  in  the  total  catch  up  to  the  vicinity  of  10°  No 
From  about  10°  -  24°  No  the  spearfishas  determine  the  overall 
catch  rates,  and  farther  north  the  albacore  has  the  greatest 
significance„   The  big-eyed  tuna  are  somewhat  more  numerous  to 
the  south,  but  there  is  no  great  difference  and  they  are  thought 
to  be  distributed  uniformlyo 
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The  question  of  the  level  at  which  the  fish  swim,,  that  is 
the  vertical  distributions  is  treated  in  a  later  chapter^  but 
it  differs  with  the  specieso  Furthermorej,  for  the  same  species 
it  varies  with  the  season  and  the  areao  It  is  thought  that  the 
factors  controlling  vertical  distribution  are  probably  tempera- 
ture and  the  strength  of  the  light  raysp  however,,  when  it  comes 
to  the  point  of  which  of  these  factors  is  the  most  significant » 
it  appears  that  this  also  differs  with  the  area  and  no  generally 
conclusive  statement  can  be  madoo 

Dro  Kishinouye  has  given  a  diagram  of  the  vertical 
distribution  of  the  tunas  in  Japanese  v^aterSp  the  essentials  of 
which  are  as  followso   The  basis  for  these  figures  is  not 
indicated^  but  probably  they  were  calculated  from  the  construc- 
tion of  the  longlines  used  by  fishermenc 

albacore  0-80  meters 
black  tuna  0-58  meters 
big-eyed  tuna  0  =  58  meters 
yellowfin  tuna  0  =  57  meters 

Bo   Taxonomy 

The  number  of  kinds  of  tuna  that  occur  throughout  the  whole  world 
is  very  large ^  but  it  is  thought  that  among  them  there  are  quite  a  few 
which  are  the  same  species  under  different  nameso  The  following  five 
species  are  the  ones  which  occur  in  Japanese  waterso  Not  a  few  scholars 
take  the  view  that  the  majority  of  these  are  cosmopolitan  species  and 
that  they  are  identical  with  the  species  of  the  Atlantic  regiono  The 
author  himself  supports  this  view^  with  the  proviso  that  there  should 
be  ample  comparative  study. 

There  is  a  detailed  study  by  Dr^  Kishinouye  of  the  five  species 
which  occur  in  Japanese  waterSo   He  combined  the  families  Thunnidae  and 
Katsuwonidae  to  form  the  Order  Plecostei,,  separating  them  from  the 
Order  Teleosteic.   The  basis  of  his  theory  was  the  presence  of  a  cutaneous 
vascular  system  in  these  fishes  sind  the  location  of  the  so-called  chiai 
/o^ark  muscle  tissue/  close  to  the  vertebral  columno   However^  Drc  Takahashi 
Ci924)  pointed  out  the  presence  of  cutaneous  vascular  systems  in  many 
other  teleosts  and  proved  that  there  was  no  reason  for  establishing  the 
Plecostei^ 

At  present  the  Plecostei  is  not  adopted  in  the  scientific  worlds 
but  Dro  Kishinouye 's  studies  of  the  scombroids  have  lost  none  of  their 
valueo 

The  taxonomy  in  this  book  is  based  on  Kishinouye' s  with  reference 
to  the  theories  of  other  scholarSo 
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Key  to  the    Japanese  genera 

ao      The  cutaneous  blood  vessel  passes  through  the  myotome   of  the 
fifth  vertebrao      There  are  groups  of   small  blood   vessels  on 
the   su rf ace  of  the   liver   oooooo3oo.ooooooooo<>o<.»o»oo»»o»(>    a 

bo  The  subcutaneous  blood  vessel  passes  through  the  myotome  of 
the  seventh  vertebrao  There  are  no  clusters  of  small  blood 
vessels   on  the   surface  of  the   liver   o  •  o.  o  <,  o  0..0 ......  o ».  j » »    D' 

a'      Pectorals    short,    roughly  equal  to  the    head  length,    tips 
not   reaching  to  beneath  the  anterior  edge  of  the  base  of 
the    second  dorsal c      Second  dorsal  and  anal   lowo      The 
number  of  gill-rakers   is  generally  12  /  35   -  57o  .  „  ..Thunnus 

b"      Pectorals   remarkably  longs   ribbon-like   in  shape ,    reaching 
to  the  anterior  dorsal  and  anal   finletso      The  second   dorsal 
and  anal  are  of  moderate  height„      Gill-rakers   are   9  /  18   = 
27 ,.,.........<, o ..... , .  Germo 

b'      The  posterior  cardinal  vein  does   not  join  with  the   Cuvierian 
ducto      There  are   clusters   of   small  blood  vessels   on  the 
inner   surface  of  the  livero      The   pectorals   are   longj, 
reaching  about  to   the  posterior  edge  of  the   second  dorsal 
basec      The  second   dorsal   and  the   anal  are  of  moderate 
heighto      The  dorsal   and  anal   finlets   are   tinged  with  yellow 
but  not  bright o      In  most   cases   the  gill-rakers   are 

b"     The   posterior   cardinal   vein  and  the  Cuvierian  duct   joino 

There  are  plexuses   of  small  blood  vessels   in  the   haemal   canal. 
The   gill-rakers   are  6   -9  /  17-21   e  23   =•  30   „  .        Neothunnus 

Thunnus   South   1845 

The   body  is   a  long  ellipse  in  outline   and  is  very  plumpc      The  caudal 
peduncle   is   remarkably  slendero      The  head  is   almost   conicalj    and  the 
mouth  is   largeo      In  both  jaws  there   is  a  single   row  of  small   conical 
teethj    and   on  the  vomer  and  palatines   there   are  minute  villiform  teeth 
and  areas   of   sandpaper-like  teetho      There   are   scales,    and  the   corselet 
is   indistincto      The  pectorals   are   remarkably  short„      The   gill-rakers   in 
most   cases   are   12  /  25    -  37o      There  is   only  the  following  single  species 
in  Japanese  waterso 


Figure   7o-"Thunnus   orientaliso 

lo      Thunnus   orientalis    (Schlegel) 

This   fish  has  the   names  maguro,    kuromagurOg    omaguro ,   kuroshibi,, 
and  gotoshibij   while  the  young   specimens   are   called  meji^   yokowa^   and 
kakinotaneo 
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The   first  dorsal  has   13     ■  15   spines^,   the   second  dorsal  has   14 
soft   rays   and  8-9  finlatSj    the  anal   has   13   -  15   rays   and  7-8   fin- 
lets,    and  the  gill-raker  count  is   12=13  /  24-260      The  number  of  scales 
in  one  longitudinal   row  is   about  230o 

The  body  is   stout^   the  posterior  portion  tapering  rapidly 
toward  the   caudal  peduncle,.      The  body  length  is    So  2   =  3o5  times  the 
head  length  and  3o2   -  4c 3  times   the  body  depfcho      The   length  of  the 
head  is   5   -  8  times  the  diameter  of  the  eye^,    3o2  -  3,7   times  the   dis- 
tance between  the  eyeSj,    and  3-6  times   the   snout   length,. 

The  pectorals   are   short  and  do  not  reach  to  below  the  anterior 
end  of  the   second  dorsalo      They  gradually  taper  to    sharp  points  pos- 
teriorlyo      The  height  of  the   second  dorsal   is  greater  than  that  of  the 
firat   and  the  two  dorsal   fins   are   not  separated  from  each  other^      The 
anal   fin  is  of   approximately  the   same   length  as  the  second  dorsalo      The 
lateral   line  has   a  peculiar  curve  above  the  bases   of  the  pectoralso 

The  air  bladder  is    triangular  with  the  posterior  end  pointedc 
The  anterior   edge   is    straight ^    broadj    and  thicko      It  is  broad  and 
extends   completely  across  the  width   of  the  body  cavity 4,   but   it  is   short 
and  barely  extends   a  little  more   than  half  the   length  of  the  body  cavity. 

The  dorsal   surface  of  the  body  is    almost  blacky   the  anterior 
portion  being  particularly  dark,,      Posteriorly  it  gradually  becomes  gray 
with  a  silvery   sheen^      The  ventral    surfaces   are  gray  with  a  large 
number  of  colorless   alternating  lines   and  rows   of   spots   arranged  trans- 
versely across  the  bodyo      The  first   dorsal   is   gray^    and  the  tip  of  the 
second  dorsal   is  tinged  with  yellowo      The  dorsal  finlets   are  yellowo 
The  anal   and   its   finlets   are   silvery  whites   'the  pectorals   are  black,    and 
the  ventrals   are   gray.. 

The  flesh  is  dark  red  in  color  and  comparatively  firai  and  it 
is  prized  in  the  winter  for  its  flavor,,  In  the  summer  after  spawning 
the   quality  is   lower  and  the  price  drops o 

These   fish  grow  to  a  very  large   size^   and  there  are  records  of 
specimens   3  meters   long  and  weighing  375   kilograms c 

This   is  the  most   common  species   in  Japanese  waters^,  where   it    is 
taken  both  in  the   Pacific  and   in  the   Japan  Seao    Earlv  in  the  winter  a  num- 
ber of  them  are  taken  in  the  vicinity  of  30°No   west  of  the  Boso  Pe  ninsui  a,  but 
this   is   not  a  fishery  which  makes  this    species  its   special   objecto      The 
fishery  for  this    species  begins   around  December   in  the  waters   adjacent 
to  Tanegashimaj   ivith  Aburatsu  as  a  base,.      The  fishing   in  this  region  is 
most   active  around  Februarys    and   in  March  the   schools   begin  to  move 
slowly  north..      In  midsummer  they  migrate  from  the  waters   off  Sanriku  to 
the  coastal  waters   of  Hokkaido"  and  reach  the   vicinity  of  46°  Nc      Nothing 
has  been   reported  as  yet   concerning  their   distributions   and  migrations 
in  the   regions   of  the  Ogasawara  Islands   and  the  former  South  Seas 
Gove rnment=Gener ale      From  Formosan  waters  to   the   eastern  and  western 
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coasts  of  Luzon  they  appear  in  the  latter  part  of  Marchj  and  from 
April  to  May  the  density  of  the  schools  is  greato   It  appears  that  in 
late  May  and  early  June  the  schools  in  this  region  move  into  the  area 
of  the  Kuroshio  and  go  rapidly  northwardj,  disappearing  from  this 
region^   The  spawning  season  of  the  schools  in  the  waters  adjacent  to 
Japan  is  thought  to  be  around  July,  but  in  the  Formosa  region  the 
schools  spawn  in  April  -  May, 

Looking  at  the  migrational  pattern  in  the  Japanese  coastal 
waters,  the  migrations  of  the  albacore  and  the  spearfishes  follow  that 
of  this  speciesj,  and  when  these  fishes  appear,  the  tuiia  season  is 
drawing  close  to  its  endo   In  their  northward  migration  the  schools 
approach  close  to  the  coast  and  generally  swim  in  the  surf?ice  layero 
In  the  autumn  when  the  water  temperature  begins  to  fall  they  turn  south- 
ward againj;  but  at  this  time  they  swim  offshore  in  rather  deep  layers„ 

They  are  vora;cious  by  nature,  and  feed  on  planlrtonic  crustaceans, 
squidj  and  small  fish  such  as  sardines,  mackerel,  and  frigate  mackerel,, 

These  fish  are  also  said  to  occur  in  the  Hawaii  and  California 
regions,  inhabiting  a  wide  range  of  water  temperatures  of  5°  -  28°c 
The  most  favorable  temperatures  in  Japanese  waters  are  thought  to  be 
10°  "  15°  Co 

This  species  is  thought  by  scholars  to  be  the  same  as  the 
Atlantic  To  thynnu s  (Linnaeus)  and  this  name  is  applied  to  ito   It  may 
very  vfell  be  the  same  species,  but  the  author  thinks  that  the  decision 
requires  a  thorough  comparative  study  with  specimens  from  the  AtlantiCo 

Germo  Jordan  1888 

The  pectoral  fins  are  very  long,  far  exceeding  the  head  length 
and  reaching  to  at  least  the  second  dorsal  finleto   They  are  ribbon- 
like rather  than  sickle-shaped  in  fonrio   The  length  of  the  second  dorsal 
and  the  anal  is  moderatco   The  gill-raker  count  in  the  majority  of 
cases  is  9  /  18  s  27o   One  species  of  this  genus  occurs  in  Japanese 
waterso 


Figure  8o --Thunnus  germOo 

2o   Germo  germo  (Lacepede) 

This  fish  has  the  common  names  binnaga,  binchOg  hirenaga, 
tombo  (or  tomboshibi)o 

First  dorsal  with  14  spines,  second  dorsal  with  14  rays, 
dorsal  finlets,  anal  with  14  rays,  8  anal  finlets,  gill-rakers 
9  /  18  -  19o   Number  of  scales  in  one  longitudinal  row  about  SlOu 
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The  body  length  is   Sd   -  3o2   times  the  head  lengthy   and 
3o5   -  3,7  times  the  body  depth.      The   head  length  is   60 5   -  606  times 
the   diameter  of  the  eye,    and   3  times  the  length  of  the  snout,, 

The  body  is   spindle-shaped   and   rather  longj   the   head  and  eye 
are   comparatively  large^,   the  caudal   portion  is   shorty   the  caudal 
peduncle   tapers   sharply^,   the   scales  are   rather  large,    and  the  corselet 
is   indistincto      The  mouth  is  largSj,   the   posterior  end  of  the  maxillary 
reaching  to   a  point  directly  beneath  the  anterior  edge  of  the   eyeo 
There  is   one  row  of   small   conical  teeth  in  each   jawp    and  there   are 
areas   of  villiform  teeth  on  the  vomers    palatines,   and  pterygoid  and 
on  the  tongue„      The  pectoral   fins   are  ribbon-shaped  and  very  longp 
reaching  to  beneath  the   dorsal  finletso      The  height  of  the  second 
dorsal   is   equal  to  or  slightly  less   than  that  of  the   first  dorsalo 
The  anal   is  of  roughly  the  same   shape  and  size  as  the  second  dorsalo 

The  dorsal   surface  of  the  body  cavity  is   remarkably  curved 
so  that  the   cavity  itself  is   narrowo      The  part  of  the  liver  that 
connects  tha  various   lobes   is   narrow,    and  there  are  many  lobules   on  the 
edges  of   the   lateral   lobeso      The   anterior  edge  of  the  air  bladder  is 
rounded  and  its  walls   are  rather  thin.      It   is   narrow  but   long,   and 
extends   the  whole   length  of  the  body  cavityo 

The  flesh  is   pink  and   soft  and  is   tasteless  when  eaten  raw 
so  it   has   always  been  cheap   in  Japan^   and  the  fishermen  have  called   it 
•^bait-stealero**     However ,    in  America  it  is   called   "Sea-chicken"   and   is 
prized  for  its   flavor  when  canned  in  oilo 

The   dorsal   surfaces   of  the  body   are  dark  bluop  the   part  near 
the   caudal   fin  having  a  green  lustreo      The  belly  is    silvery  whiteo 

The  fish   Is    small  for  a  tuna,   individuals   of  1  meter   in  length 
and  about   25  kgo    in  weight  being  considered   largeo 

The   range  of  distribution  is  very  broad^    covering  the  warm 
waters   of  the  whole  Pacific   and  Indian  oceans,    and  extending  to  the 
vicinity  of   43°   No    in  Japanese  waters.      The  water  temperature  in  the 
waters  which  they  irJiabit   ranges   ICP    -  28°    Co,   and  10°   -  25°    Co    is 
considered  to  be  the  range  of  favorable  tempo ratureso      They  have 
strongly  pelagic   characteristics,    hardly  occurring  at  all   in  the   Japan 
Sea  and  being   scarce  in  the   enclosed   sea  areas   of  the   southo      In  winter 
they  are  plentiful  in  the  vicinity  of  30°    -  35°   No,   giving  rise  to   the 
well-known  fishing   grounds   east   of  Nojimasaki  and  those   of   the   Kinan 
Sea  Area  and  the  waters   off  Tosao 

According  to  some   scholars  this   is   the  same   species  as  the 
so-called  albacore   or  germon  of  the  Atlantic  and  they  give  it  the 
scientific  neime  Go    alalunga   (Gmelin)o      This  view  is   probably  correcto 
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Parathunnus  Kishinouye  1923 

The  cutaneous  blood  vessel  passes  through  "che  myotome  of  the 
seventh  vertebrao   There  are  no  clusters  of  small  blood  vessels  on  the 
surface  of  the  liver,  and  the  posterior  cardinal  vein  is  not  joined  to 
the  Cuvierian  ducto   The  pectorals  are  long^  reaching  to  the  second 
dorsalp  and  the  second  dorsal  and  the  anal  are  of  moderate  height.   The 
head  is  large,  and  in  most  cases  the  number  of  gill-rakers  is  9  /  18  s  27. 
One  species  occurs  in  Japanese  waterso 

3,   Parathunnus  mebachi  (Kishinouye) 

In  Japanese  mebachi ^  daruma,  darumashibi,  mebuto,  and  simply 


bachic 


and 


Q 


First  dorsal  with  14  =  15  spinesj,  second  dorsal  with  13  rays 
finletso   Anal  with  13  rays  and  9  finlstso   Gill-rakers  8  -  10  /  IBo 


Number  of  scales  in  one  longitudinal  row  about  190o 

The  body  length  is  a  little  more  than  3  times  the  head  length 
and  3o3  -  3o5  times  the  body  deptho  The  length  of  the  head  is  6  times 
the  diameter  of  the  eye  and  3  -  3c,  5  times  the  length  of  the  snouto 


Figure  9o — -Parathunnus  mebachi o 

The  body  is  remarkably  stout  with  a  short  caudal  region 
tapering  abruptly  to  the  caudal  peduncle.   The  head  and  eyes  are  largeo 
The  dorsal  profile  is  markedly  curved^  and  the  ventral  outline  is  even 
more  so.   The  anus  is  located  about  midway  between  the  tip  of  the  snout 
and  the  tip  of  the  caudal  fino   The  scales  are  large,  particularly  those 
of  the  corselet.   The  lateral  line  forms  a  gently  undulating  curve  above 
the  base  of  the  pectorals„   The  pectorals  are  long  and  taper  gradually 
to  their  tips.   In  a  fish  of  about  1  meter  length  the  tips  of  the 
pectorals  reach  to  beneath  the  first  dorsal  finlet,  and  if  this  line  is 
extended  vertically  it  will  pass  through  the  center  of  the  base  of  the 
anal  fin.   In  old  fish  these  fins  are  shorter  and  they  hardly  extend 
beyond  a  point  below  the  origin  of  the  second  dorsalo   The  second  dorsal 
and  the  anal  are  of  moderate  sizej,  comparatively  narrow^  and  more  or 
less  falcate.   They  are  of  roughly  the  same  size  and  shape  and  their 
height  slightly  exceeds  that  of  the  first  dorsalo   The  posterior  part 
of  the  first  dorsal  is  generally  convexo 

The  air  bladder  is  well  developed,  and  has  two  projections  on 
its  anterior  edge.   The  kidneys  are  prolonged  posterior ly^.   The  intestine 
is  the  longest  among  the  tunas,  and  its  third  loop  is  close  to  its  first 
loopo   In  the  liver  each  lobe  is  thick  and  triangularo 

The  dorsal  surfaces  are  gray  or  blakish,  while  the  sides  and 
belly  are  silver^''  v.'hite.   The  dorsal  fins  are  gray  with  their  edges  and 
tips  only  slightly  tinged  with  yellow.   The  finlets  are  more  or  less 
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yellow  in  coIoto   The  dorsal  sides  of  the  pectorals  are  black  and  their 
ventral  sides  are  grayc   Their  tips  are  at  times  touched  with  yellow. 
The  vSntral  fins  are  gray  with  yellow  tips,  the  anal  fin  is  white  and 
its  tip  is  yellowo   The  anal  f inlets  are  grayish  white  with  their  edges 
more  or  less  tinned  with  yellowc, 

The  flesh  is  pink  and  rather  soft,  and  is  considered  to  be 
rather  inferior  eating  as  raw  fish.   This  fish  is  thought  to  occur  at 
the  deepest  levels  of  any  of  the  tunaso   It  is  believed  that  the 
vertical  distribution  differs  markedly  as  between  night  and  day,  the 
fish  coming  into  shallower  layers  at  nighto   The  range  of  water  tean- 
peratures  in  which  they  occur  is  thought  to  be  13°  -  28°  Co  j,  and  they 
extend  somewhat  farther  south  than  the  black  tuna  and  the  albacore^ 
while  the  northern  limit  of  their  distribution  is  supposed  to  be  in 
the  vicinity  of  40°  N<,   As  they  are  an  offshore  sriecies  they  do  not 
occur  in  the  Japan  Sea^  and  in  the  south  em  seas  they  are  scarce  in 
enclosed  sea  areas  and  more  numerous  in  the  open  oceanc 

They  attain  a  length  of  about  l.,5  mo  and  a  weight  of  80  kgo  £, 
and  are  tVie  next  largest  species  in  size  to  the  black  tunao 

Meothunnus  Kishinouyep  1923 

The  cutaneous  blood  vessel  passes  through  the  myotome  of  the 
seventh  vertebrae   The  posterior  cardinal  vein  joins  the  right  Cuvierian 
ducto  There  are  plexuses  of  srnall  blood  vessels  in  the  haemal  canalo 
Clusters  of  small  blood  vessels  are  completely  absent  from  the  surface 
of  the  livero   The  vertebrae  of  the  caudal  r  egion  are  elongated^,  and 
consequently  even  when  viewed  from  outside  the  caudal  region  is  longo 
The  pectoral  fins  are  long  and  reach  to  a  point  beneath  the  posterior 
edge  of  the  first  dorsal  or  even  farther  posteriorlyo   All  of  the  fin- 
lets  are  yellowc   Some  individuals  have  air  bladders  and  some  lack  themo 

Jordan  and  Hibbs  in  1924  separated  from  the  species  of  this 
genus  those  which  do  not  have  air  bladders  and  set  up  the  new  genus 
Kishinoellao 

There  are  thought  to  be  two  or  three  species  occurring  in 
Japanese  waters ^  but  there  has  not  been  sufficient  study  of  them  as 
yeto 

Key  to  the  species s 

(1)  An  air  bladder  is  presento   Number  of  gill-rakers 
9  /  12  s  30,   Pectorals  long  with  their  tips  extending 
past  the  posterior  edge  of  the  first  dorsal  baseo   In 
mature  fish  the  second  dorsal  and  anal  are  remarkably 
long   o3..o..oooo(jo.«ooooooooooooo«ooot>  macropterus 

(2)  No  air  bladdero   Number  of  gill-rakers  6  /  17  s  23^ 
Pectorals  shorty  their  tips  reaching  to  the  vicinity 

of  a  point  beneath  the  posterior  edge  of  the  first  dorsal 

31 


4o      Neothunnus   macro pterus    (Temminck  &  Schlcgel) 

In  Japanese  kihada,  p;esunaga,  itoshibi,  shibi^  and  kinhireo 
Young   individuals   are  generally  called  kimejio 

First   dorsal  with   12    -  13    spines,    second  dorsal  with  14   rays 
and   9   finlets„      Anal   with  14-15   rays   and  8-9   f inlets.      Number  of 
scales   in  one  longitudinal   row  approximately  270« 

The  body  length  is  3c,5  -  4  times  the  head  length,  and  about 
4  times  the  body  deptho  The  length  of  the  head  is  about  7  times  the 
diameter  of  the   eye  and  about  3  times  the   length  of  the  snouto 


Figure   lOo  — Neothunnus  macropterus. 


The  body  is   fusiform  and   long,   the  head   is    small,    and  the 
caudal   region  is    longo      The   scales   are  minuteo      The  pectiral   fins   are 
long  with   their  tips   extending  posterior  to  a  point  below  the  origin 
of  the   second  dorsalo      In  old   specimens   the   second  dorsal    and  the   anal 
are  greatly  developed   and   somewhat  threadlike,    and  they  reach  to  the 
caudal   peduncle   or    even   farther  backo 

The  air  bladder  is  well  developed,    and  has  the  form  of  a 
slender   sac.      The  kidneys    are  elongated   posteriorly  and   the  ureters 
join  below  the  thirteenth  vertebra. 

The  dorsal   surfaces   are  almost  black  with  more  or  less   of   an 
indigo   cast,    the   sides   of  the  body  are  pale   gray,    and  the   belly  is 
white,   although  in  young   specimens   there  are   colorless   oblique   lines 
on  the  bellyo      The   second  dorsal  and  the  anal   are  touched  with  yellow, 
and  the  finlets   are   completely  yellow.      The   first   dorsal  fin  is 
yellowish  gray.      The  pectorals   are  black,   but  at  times  both  they  and 
the  ventrals   have   some  yellow  colore 

The   flesh  is   a  clear  pink,   firm,    and   delicious  when   eaten  raw„ 

This   species   is  widely  distributed,    extending  generally  over 
the   Pacific   and  Indian  oceans.      In  Japanese  waters   the  northern  limit 
of  its   distribution  is    in  the  neighborhood  of   35°  N, ,   but   it  occasionally 
reaches   40°  No      It   is   extremely  rare   in  the   Japan  Sea,      If  the  black  tuna 
be  taken  as   representative  of   the  tunas    in  the  waters   adjacent  to    Japan, 
the   yellowfin  can  be   said  to  be  the  representative  tuna  of  tropical 
waters.      This    species   is   the  most   important  catch  of  the  longline  fishery 
in  tropic    seas,    and  although  there   is    some  variation  with  season  and 
area,    in  general   it   comprises   80   =   90  percent  of   the  total   catch   (exclu- 
sive of   sharks).      They  are   particularly  numerous   in  the  Ecuatorial 
Countercurrent,     but  they  are   also   plentiful   in  enclosed   sea  areas. 
It   appears  that  they  spawn  gradually  over  a  wide   area  of  the   ocean. 
They   spawn  from  March  to  May  in  the  South   China  Sea  area.      They  are   said 
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to  prefer  the  highest  temperatures   of  all   of  the  tunas   and  for  this 
reason  they  occur  at   shallow  depths   in  Japanese  waters ^   but  in  the  warm 
seas   of  the   south  it  appears  that  they  are  generally  most  numerous  at 
about  the   iOO-meter   level   and  that  they  occur  at   even  greater  depths^ 

These   fish  attain  a  length  of  about  2„000  mm,,    and   a  body  weight 
of  about   70  kgo 

5o      Weothunnus   rarus    (Kishinouye) 

In  Japanese   called  koshinaga^   bintsuke^    hashibip    shiroshibip 
and   in  Formosa  seibanmaguroo 


Figure  llo^-^Neothunnus   raruso 


First   dorsal  with   13  spines ;,    second  dorsal  with  14  rays   and 
8-9   finletso      Anal  with  14   rays   and  8  finlets<      Nura^ber  of   scales   in 
one   longitudinal   row  about   220n      Gill-rakers   5   -  6  /  15   -  17o 

Body   length  3o5   -  4  times  the  head  lengthy    about  4  times  the 
body  deptho      Head  length  about  6  times   the  diamet&r  of  the  eye^    and 
3   -  3o5  times  the   length  of  the  snouts 

The   body  is    fusiform  and  deep  with  a  long  caudal  portion„      The 
head  and  the   eyes   are  comparatively  small  and  the   snout   is   short„      The 
scales   are  minute,,      The  pectoi^ls   are   short,    their  tips   reaching  to  the 
vicinity  of  a  point  below  the   posterior   edge  of  the   base  of  the  first 
dorsal   fino      The  second  dorsal   and  the  anal   are   not  produced  and  are 
only  slightly  longer  than  the  first  dorsalo      The  ventrals   are  well 
developedo 

In  general  they  closely  resemble  immature  yellowfin,   but  the 
gill-rakers   are  fewer  and  there  is   no  air  bladdoro      The   coloration,   too, 
is   in  general  the   same  as   that  of  the  yellowfin,   but  a  peculiar  charac= 
teristic   is   that  the  finlets   are  yellow  with   gray  edgeso 

The  flesh   is   of  an  extraordinarily  pale  pink  color   and  is 
somewhat   softo     When  eaten  raw  the  flavor  is   said  to  be  inferior  to 
that   of  the  yellowfin^   but   during  the   summer  it  is   very  delicious o 

This   is   the   smallest   among  the  tunas,    and   individuals   700  mmo 
in  length  and  about   7-8   kgo    in  weight  are  rather  rare„ 

The   species   is   distributed  in  Japanese  waters   from  southern 
Kyushu  to    southern  Korean    it  is   seen  commonly  in  the   south  and  for  the 
most  part  it  occurs   in  the   coastal  waters.. 

Besides   this   species,    Jordan  and  Evermann  have   reported 
Kjshinoella  zaccares   from  Hawaiio      In  this   species  the  gill-rakers 
are  more  numerous   than  in  raruSo      In  the  waters   of  Formosap   too,   there 
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very  rarely  appear  specimens  with  a  gill -raker  count  of  8  -  9  /  18  =■  20, 
but  not  enough  study  has  been  done  to  detemine  whether  or  not  it  is  a 
different  speciesc 

II.   SPEARFISHES 

Ao   General 

ao   External  form 

The  spearfishes  are  the  fishes  belonging  to  the  two  families 
Istiophoridae  and  Xiphiidaeo 

These  fishes  are  generally  large  with  elongated  bodieso 
The  fishes  of  the  family  Istiophoridae  are  more  or  less  markedly 
flattened  laterally,  but  the  Xiphiidae  show  almost  no  lateral 
flatteningo   The  caudal  peduncle  does  not  exhibit  the  marked 
abrupt  taper  of  the  tunaSj  and  the  keels  on  the  peduncle  are 
two  pairs  in  the  Istiophoridae  and  one  pair  in  the  Xiphiidaeo 
The  most  remarkable  characteristic  of  these  fishes  is  the  pos- 
session of  a  long  projecting  rostrum  shaped  like  a  spear  or 
like  a  double-edged  swordc   This  projecting  rostrum  is  formed 
mostly  by  the  premaxillary  and  in  the  Istiophoridae  it  is  almost 
solid,  but  in  the  Xiphiidae  the  center  is  hollow  with  occasional 
membrane-like  structures  like  the  joints  in  a  bambooo   The  lower 
jaw  also  projects  somewhat  and  its  tip  is  sharpo   In  the  Istio- 
phoridae there  are  file=like  teeth  on  both  the  upper  and  lower 
jaws  J  but  no  such  teeth  are  developed  in  the  Xiphiidae^   The  com^ 
parative  lengths  of  the  jaws  differ  in  the  various  species^  the 
ratio  being  lo28  to  2o21  in  the  Istiophoridaep  with  the  short-nosed 
spearfish  having  the  smallest  value  and  the  black  marlin  the 
largesto   In  the  Xiphiidae  the  difference  is  great,  amounting 
to  4o5o   The  Istiophoridae  have  slender  bony  scales  on  the 
opercles  and  covering  the  whole  body,  where  they  are  buried  in 
the  skin,  but  the  Xiphiidae  have  no  scales,  there  being  only  a 
section  of  the  ventral  surface  of  the  pectoral  region  which 
feels  rough  to  the  toucho   A  lateral  line  is  present  in  the 
Istiophoridae  but  is  lacking  in  the  Xiphiidaeo   The  dorsal  and 
anal  fins  each  have  two  separate  bases,  although  in  juvenile 
fish  they  form  a  single  basoo   The  pectorals  are  located  low 
on  the  body  and  are  well  developedo   The  ventral  fins  in  the 
Istiophoridae  have  degenerated  into  filiform  appendages  com- 
posed of  three  rays  firmly  joined  together,  and  in  the  Xiphiidae 
there  is  no  visible  vestige  of  the  ventral  finSo   There  are 
dermal  grooves  along  the  bases  of  the  first  and  second  dorsal 
fins,  and  the  greater  portion  of  these  fins  can  be  folded  away 
into  themo   There  is  also  a  rather  conspicuous  groove  along  the 
center  line  of  the  belly  from  the  base  of  the  ventral  fins  to 
the  neighborhood  of  the  anus,  and  the  ventral  fins  can  be 
accommodated  thereinc   The  caudal  fin  is  large,  and  both  of 
its  lobes  are  narrow  and  widely  separatedo   If  the  lengths  of 
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the  two  lobes   are  oomparedp   the  lower  is   slightly  longer  than 
the  uppero      There   are  four  gills   on  each   side  and  there   is   an 
opening  posterior   to   the  fourtho      The  gill-rakers   are   not 
developedc      The   left  and   right  branchiostegal  membranes   are 
joined  in  the   Istiophoridaej,   but   in  the  Xiphiidae  they  are 
separate   and  are  both  free   from  the   isthmuso      There  are  seven 
branchiostegal   rayso 

bo      Internal  morphology 


Figure   12„ —Diagrams   of  the   structure   of  the  rostrao      a,  Wahoo 
bo    Sailfishj    Co    Broadbill   swordfishj,   do   Xiphiorhyn 
chuSj,    lo    premaxillaryi,    2c    articular   (ethmoid?^;, 
3o    nasal,   4o    frontalj,    5o   maxillaryo 

Figure   13o=-Cranium  of  black  tunao 
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io   Osteology 

In  the  general  view,  the  skeletons  of  these  fishes  differ 
markedly  from  those  of  the  Scombriformesj.  which  they  are 
supposed  to  be  most  closely  related  to,  and  furthermore  the 
differences  between  the  Istiophoridae  and  the  Xiphiidae  are 
also  conspicuouso 

If  we  compare  the  skulls  with  those  of  the  Scombri formes, 
the  frontals  and  prefrontals  are  notably  wider,.   This  form  has 
probably  arisen  in  order  to  support  the  long  projecting  upper 
jawo   The  right  and  left  frontal  bones  are  closely  joined 
together  except  at  their  most  anterior  partso   Their  dorsal 
surfaces  are  generally  rather  smooth  without  any  conspicuous 
projections^   The  juncture  of  the  frontals  and  the  supraoccipi- 
tals  has  a  rounded  projection  on  its  dorsal  surface  forming 
roughly  a  hemispherical  shapeo   There  is  absolutely  no  narrow 
occipital  crest  developed  in  the  supraoccipitalo   Another 
marked  peculiarity  is  the  conspicuous  projection  directed 
posteriorly  from  the  epiotic  and  the  pterotico   In  the  istio- 
phorid  fishes  the  nasal  bones  are  broad  and  are  broadly  joined 
to  the  frontal  boneso   Anteriorly  they  are  joined  to  the  pre= 
maxillarieso   In  the  Xiphiidae  the  nasal  bones  are  very  small 
and  are  not  directly  concerned  in  the  form  of  the  upper  jaw,  as 
they  are  in  the  istiophoridso   The  upper  jaw  is  principally 
formed  from  the  premaxillaries  and  is  almost  solid  with  fila- 
mentous structures  like  the  septa  in  bambooo   The  maxillaries 
are  roughly  rod-shaped  and  extend  about  one -half  the  total 
length  of  the  upper  jaw,  or  less«   The  above-described  form  of 
the  upper  jaw  applies  to  the  istiophoridso  but  in  the  Xiphiidae 
the  upper  jaw  is  hollow  v/ith  occasional  membrane=like  partitions 
like  septao   Thus  the  upper  jaw  is  made  up  of  four  boneSo 
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Regan^-'--'  describes  these  as  one  pair  of  premaxillaries 
and  one  pair  of  nasals „  but  as  has  been  shown^  the  nasal  bones 
in  the  broadbill  swordfish  are  very  small  and  so  this  must  be 
thought  a  misconception^   The  determination  of  the  homology  of 
these  four  sets  of  bones  must  wait  upon  future  studieSc   The 
lower  jaw  is  made  up  of  the  articular  and  dentary  bones,,   The 
dentary  bones  are  stout  in  the  Istiophoridae^  but  in  the 
Xiphiidae  they  are  rather  weak  with  their  anterior  parts 
gradually  tapered.   In  the  Istiophoridae  the  predentary  is  at 
the  tip  of  the  lower  jaw^  and  the  dentaries  are  partly  joined 
to  each  other  and  partly  joined  to  the  predentaris  So   In  the 
Xiphiidae  there  are  no  predentarieso   On  the  palatines  the 
istiophorids  have  fine  setiform  teeth„  but  the  xiphiids  have 
no  teeth  on  these  bonesc   A  number  of  differences  can  also  be 
seen  between  the  two  families  in  the  form  of  the  various  bones 
of  the  opercleo   There  are  no  gill=rakers  on  the  gill  arches o 
In  the  general  view,  the  joining  and  articulation  of  the  bones 
of  the  skull  are  weaker  m  the  Xiphiidae,. 


Figure  14,, —Structure  of  vertebrae,   ao  Sailfishj  b^  Broadbillj 
Co  Short-nosed  spearfisho 

Figure  15o — -Articulation  of  vertebrae  (short-nosed  spearfish)o 


The  individual  vertebrae  in  the  Istiophoridae  are  long 
and  the  central  portion  of  the  ventral  side  is  markedly  con- 
strictedo   The  neural  and  hemal  spines  generally  form  thin  and 
broad  flat  plates,-   On  the  two  most  anterior  vertebrae,,  however, 
the  neural  spines  are  more  or  less  spine^shapedo   These  lamellate 
neural  spines  are  surrounded  by  the  neural  processes  of  the 
following  vertebrae  so  that  they  are  firmly  stuck  together.   The 
neural  processes  have  been  modified  into  broad  lamellar  bodies 
projecting  far  forward,.   Their  anterior  edges  extend  almost  to 
the  middle  of  the  preceding  vertebrae,.   The  hemal  spines  on  the 
first  two  vertebrae  are  narrower  than  the  neural  spines  of  the 
same  vertebrae^  but  on  the  more  posterior  ones  they  are  of 
roughly  the  same  shape  and  sizeo  The  hemal  processes  are  narrower 
than  the  neural  processes  and  are  somewhat  rod-shapedo   They  pro- 
ject far  forward  and  encompass  the  hemal  processes  of  the  verte- 
brae immediately  preceding  themo   The  relative  length  and  height 
of  the  neural  and  hemal  spines  differ  considerably  from  one 
species  to  another.  The  neural  canal  and  the  hemal  canal  are 
both  quite  large,,   There  are  no  transverse  processes  and  the  ribs 
are  without  heads  /7'?_7"^   The  vertebral  count  is  24  for  the 
whole  family  J,  but  some  are  shown  by  the  formula  12  /  12  e  24 
and  others  by  the  formula  11  ;^  13  s  24c   The  former  is  the  type 


(^-^  Regan,  C,  T„  Ann„  Mag,  Nato  Hist„  ,  London^  Vole  3^  Noc  13, 
pp,  73c 
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found  in  the  subfamily  Tetrapturinae  and  the  latter  is  found 
in  the  subfamily  Marlinaeo   The  form  of  the  vertebrae  in  the 
Xiphiidae  differs  greatly  from  that  in  the  Istiophoridae.   In 
the  middle  caudal  vertebrae  the  centrum  is  somewhat  elongated^^ 
but  in  the  majority  of  them  there  is  little  difference  between 
the  length  and  height„   Neither  the  neural  spines  ncr  the  hemal 
spines  are  thin  flat  plates^  but  rather  flattened,  fairly  broad 
spines  in  form„   The  neural  processes  are  not  produced  anteriorly, 
but  are  directed  obliquely  upward  to  support  the  neural  spine 
of  the  preceding  vertebra,.   The  hemal  process  is  much  less  con-- 
spicuous  than  the  neural  processo   The  transverse  processes  are 
well  developed,  and  the  ribs  are  articulated  to  them.   The  ver- 
tebral count  is  16  /  10  e  26,  two  more  than  in  the  Istiophoridaee 

The  anterior  part  of  the  posttemporal  bonej  which  is 
bifurcated  in  the  Thunnidae,  has  three  prongs  in  the  Istiophori- 
daee  Its  posterior  edge  is  generally  rounded^,  but  its  form  is 
not  the  sam.e  in  all  specieso   There  is  also  an  additional  tri- 
angular projection  which  points  obliquely  to  the  rearo   The 
supraclavicle  is  generally  spatulatej,  with  its  upper  end  irregular 
in  shape  and  tapering  gradually  to  a  pointy  its  lower  end  rounded^, 
and  its  middle  portion  somewhat  constrictedo   The  anterior  margin 
of  the  clavicle  in  Marlina  marlina  and  Kajikia  mitsukurii  is 
slightly  concave  above  and  slightly  convex  belowp  but  on  the 
whole  roughly  straight  in  outlineo   In  the  other  fishes  of  the 
Istiophoridae  the  middle  portion  has  a  large  concavity.   The 
surface  for  the  articulation  of  the  hypercoracoid  with  the  acti- 
notis  present  differences  as  between  species ^  being  broad  and 
horizontal  and  somewhat  twisted  anteroposteriorly  in  the  white 
marlin^,  and  narrow,  obliquely  slanted,  and  not  tmsted  in  the 
other  specieBo  Differences  between  species  can  also  be  detected 
in  the  breadth  and  form  of  the  shoulder  girdle  as  a  wholeo   The 
differences  between  the  two  families  are  conspicuousc 

The  pelvic  girdle  is  well  developed  in  the  Istiophoridae 
and  presents  a  somewhat  palmate  form.   In  the  white  marlin  the 
left  and  right  sides  are  joined  together  and  are  hard  to  separate^, 
but  in  the  other  species  the  space  between  the  two  sides  is 
broad  and  they  are  easily  separated,   The  ventral  fins  are  com- 
posed of  three  raySj,  the  first  of  which  is  a  very  short  spine^ 
while  the  other  two  are  long„  all  of  them  being  closely  joined 
to  each  other^   In  the  Xiphiidae  both  the  pelvic  girdle  and  the 
ventral  fins  are  completely  lackingo 

A  number  of  the  interspinuous  bones  anterior  to  the  first 
dorsal  and  the  first  anal  fins  are  joined  to  each  other,  but  in 
the  more  posterior  ones  the  space  between  adjacent  bones  gradually 
increaseSo   Marked  differences  between  species  can  be  seen  in 
the  anteriormost  interspinous  bones  of  the  first  dorsalo   The 
interspinous  bones  of  the  second  dorsal  and  the  second  anal  are 
somewhat  similar j,  being  firmly  joined  to  each  other^  and  the 
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last  bone   having  a  long  portion  nrcjecting  poEteriorlyo      Some 
differences  between  species  can  be   detected  with  regard  to  their 
height   and  length„ 

iio      Viscera 

The  mouth  cavity  is  large^  and  the  tongue  is  slender  and 
toothlessc   In  the  fishes  of  the  fairdly  Istiophoridae  the  body 
cavity  is  long,  extending  even  posterior  to  the  anus  and 
reaching  the  vicinity  of  the  origin  of  the  first  anal  fin,, 
The  anus  is  in  an  advanced  position  about  the  length  of  the 
base  of  the  first  anal  fin  away  from  the  origin  of  that  fin. 
The  esophagus  is  rather  long  and  its  walls  are  thicko   The 
stomach  is  long  and  conical  with  its  posterior  tip  sxtendir<t 
to  roughly  above  the  anus.,   Its  walls  are  toughs  vath  many 
folds  on  the  inner  wallso   The  intestine  opens  near  the  cardiac 
orificeo   The  intestine  is  slander  and  its  outer  wall  is  smooth 
with  no  corrugationso   Near  the  posterior  end  of  the  duodenal 
portion  arc  the  pyloric  caeca  completely  surrounding  the 
intestine„   This  part  of  the  intestine  is  somewhat  swolleno 
Posterior  to  this  point  it  rune  straight  until  the  approximate 
middle  of  the  body  cavity,  where  there  is  a  loopo   The  portion 
of  the  intestine  posterior  to  the  loop  is  joined  to  the  anterior 
portion  and  runs  anteriorly  as  far  as  the  posterior  end  of  the 
pyloric  caeca.   It  curves  gently  around  the  posterior  edge  of 
the  caeca  and  thence  runs  straight  to  the  anuso 

The  total  length  of  the  intestine  is  remarkably  short  in 
relation  to  the  body  length,  being  only  about  half  as  longo 
The  liver  is  small  and  covers  part  of  the  stomach  and  the  pyloric 
caecao   The  caeca  are  numerous  and  each  one  does  not  open 
directly  into  the  intestine,  but  they  are  connected  to  the 
intestine  by  a  number  of  dendriform  tubeso   The  gall  bladder  is 
long  and  slender  and  is  separate  from  the  livero   The  spleen 
is  large  and  conspicuouso   The  form  of  these  various  viscera 
is  very  similar  to  that  of  the  Thunnidaeo 

The  gonads  are  generally  symmetrically  paired,  but  in  the 
short-nosed  marlin  they  are  unsymmetrical  and  have  a  peculiar 
form,  being  Y-shaped  with  the  right  side  short  and  joined  to 
the  left  gonad  by  its  posterior  endo   The  point  where  they  join 
is  approximately  above  the  anus  and  there  is  a  short  oviducto 
The  left  gonad  is  long  and  its  posterior  end  extends  posterior 
to  the  anuSo 

The  kidneys  are  rather  long,  and  the  end  of  the  ureter  is 
expanded  forming  what  may  be  called  a  urinary  bladder. 

The  air  bladder  is  very  paculiarp  being  many-chambered 
like  a  mass  of  bubbleSj  and  covering  nearly  all  of  the  dorsal 
surface  of  the  body  cavityo   These  small  chambers  are  arranged 
more  or  less  symraetrically  in  pairs  on  the  right  and  left  and 
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are  enclosed  in  thin  membranesc   In  general  they  do  not  form 
layers,,  but  in  the  white  marlin  they  do  make  up  2  -  3  layers 
and  the  membranes  surrounding  these  are  tough.   A  point  to  be 
noted  is  that  these  bubble-like  air  chambers  appear  even  beyond 
the  body  cavity  in  the  caudal  region.   That  iSj  there  are  many 
small  air  chambers  arranged  in  rows  between  the  muscles  at  the 
origins  of  the  first  and  second  anal  finso   This  sort  of  struc- 
ture is  completely  lacking  in  the  Scombriformes  and  the  broadbill 
swordfishj  and  it  is  a  conspicuous  characteristic  of  the 
istiophoridso 

The  viscera  of  the  Xiphiidae  are  similar  to  those  of  the 
Istiophoridae^  but  they  differ  in  such  points  as  having  a 
longer  intestine  with  many  small  corrugations  on  its  surface 
and  of  uneven  diameterp  having  the  total  mass  of  the  pyloric 
caeca  remarkably  small j,  having  tne  air  bladder  single-chambered j 
and  in  having  no  air  chambers  beyond  the  body  cavity  in  the 
caudal  regiono 

Co   Ecology 

io   Outline  of  habits 

The  spearfishes  are  large  fishes  which  migrate  widely  in 
the  open  seao   Basically  they  are  animals  of  the  tropical  seas^ 
but  in  certain  seasons  they  also  appear  in  the  waters  of  higher 
latitudeso   They  generally  occur  in  the  shallow  layers  and 
sometimes  swim  with  a  portion  of  the  caudal  and  dorsal  fins 
showing  above  the  surface  of  the  watero   They  are  also  known 
occasionally  to  leap  into  the  air,,   The  broadbill  is  fierce  and 
is  said  to  attack  whales  upon  occasion,,   At  such  times  it  is 
thought  to  use  its  sword-shaped  snout  as  a  weapono   Such  char- 
acteristics  are  not  known  in  the  case  of  the  fishes  of  the 
family  Istiophoridaej  but  it  is  generally  believed  that  these 
fishes  use  their  beaks  as  weapons  in  fighting  and  in  attacking 
the  animals  upon  when  they  f  eedo  ThiSg  however^  is  probably 
something  which  has  been  imagined  by  people  after  seeing  the 
form  of  the  fish  for  it  is  thought  that  in  actuality  they  do 
not  use  their  beaks  to  catch  their  prey,.   The  reason  for  this 
is  that  when  the  stomach  contents  of  these  fishes  are  examined^ 
they  bear  the  scars  of  bites 5  but  wounds  inflicted  by  stabbing 
have  not  yet  been  foundo   The  fishes  of  the  family  Istiophoridae 
have  file-like  teeth  on  both  jaws^  but  if  the  objectives  were 
to  catch  their  food  by  stabbing  it  should  be  most  advantageous 
to  have  their  weapon  as  sharp  as  possible.   It  cannot  be  believed 
that  there  would  be  any  need  for  teeth  which  would  increase  the 
resistance,,   Even  though  the  beak  may  be  used  as  a  weapon 
against  large  enemies ^  it  cannot  in  the  least  be  thought  that 
it  is  used  to  capture  foodo   It  is  also  said  that  they  occasion- 
ally attack  fishing  boats ^  but  there  is  a  great  deal  of  doubt 
as  to  whether  these  fish  make  such  attacks  deliberately^,   Nor 
is  the  rostrum  essential  to  the  existence  of  these  fishes  for 
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specimens  are  seen  in  which  it  has  heen  broken  off  to  various 
degrees o   In  these  cases  the  broken  part  is  already  healed 
showing  the  passage  of  a  certain  amount  of  time  after  the 
damage  vms  doneo   Sometimes  as  a  result  of  such  injury  the 
upper  jaw  is  made  even  shorter  than  the  lower  jawo   A  considera- 
tion of  such  damage  suffered  under  natural  conditions  makes  it 
possible  to  believe  that  the  spear  is  used  as  a  weapon  against 
large  enemies o 

In  general  these  fishes  migrate  widely  in  the  open  seas, 
but  they  do  not  form  dense  schools  like  the  tunas  and  skipjacks 
and  the  individuals  are  usually  dispersed  at  rather  wide 
intervals o   The  marlins  sometimes  swim  along  the  surface  in  a 
line  of  two  or  more  individuals j,  and  this  sort  of  formation  is 
seen  with  particular  frequency  in  the  spawning  seasono 

lAIhen  caught  on  a  hook  or  harpooned  the  tunas  for  the  most 
part  try  to  escape  in  a  vertical  direction  by  diving  deeps  but 
these  fishes  first  make  several  repeated  leaps  into  the  air  and 
then  swim  wildly  in  broad  circles  near  the  surfaceo 

In  general  they  do  not  come  into  the  coastal  water  areas 
very  muchj  although  certain  species  sometimes  do,,   The  sailfish 
is  an  example  of  thiso   They  also  sometimes  become  resident  on 
shoal  areaso   In  some  species  there  are  differences  in  size 
between  the  males  and  females,  and  there  also  seem  to  be  dif- 
ferences in  the  migrational  patterns  of  the  sexeso 

iio   Food  habits 

These  fishes  are  also  carnivorous  and  their  food  resembles 
that  of  the  tunas„   Since  they  lack  gill-rakers  it  may  be 
thought  that  they  cannot  pick  up  very  small  feedj  but  in  the 
open  sea  they  sometimes  feed  on  small  fishes  and  crustaceans 
just  as  the  yellowfin  doo   Rather  large  fishes  such  as  skipjack 
and  mackerel  are  frequently  found  in  their  stomachs,  but  as 
previously  noted  they  show  no  signs  of  stab  wounds  and  commonly 
have  the  marks  of  bites  on  their  bodieso  When  the  position  of 
these  large  food  items  in  the  stomach  is  considered,  it  can  be 
clearly  judged  that  they  were  swallowed  head  firsto   In  view  of 
the  fact  that  their  food  differs  depending  on  the  area  in  which 
they  were  taken,  and  with  the  season  within  the  same  area,  it 
cannot  be  thought,  just  as  was  the  case  with  the  tunas,  that 
they  have  any  particular  taste  in  food,  and  it  should  probably 
be  considered  that  they  feed  on  whatever  is  most  abundant  in 
the  area,  or  on  what  is  most  easily  sighted  or  caughto 

They  feed  chiefly  on  live  foodj,  but  like  the  tunas  they 
will  also  take  dead  bait  and  can  be  caught  even  on  salted  fisho 
Since  they  are  often  taken  on  trolling  lines  with  artificial 
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lures,  it  may  be  that  in  such  cases  the  motion  of  the  bait 
exercises  a  kind  of  attraction.   Of  course  the  significance 
of  the  shape  and  coloring  of  the  artificial  lures  that  are 
used  should  not  be  forgottenc 

A  remarkable  difference  from  the  feeding  habits  of  the 
tunas  is  that  these  fishes  do  not  seek  food  on  the  bottomo 
Considering  the  construction  of  their  jaws,  it  is  very  natural 
that  they  cannot  feed  on  demersal  organisms „   It  is  certain 
that  they  do  not  feed  on  the  bottom^i  but  it  appears  that  the 
broadbill  goes  rather  deep^  and  in  northern  waters  they  eat 
cods  Sebastodesp  and  myctophidSc   The  istiophorids  in  southern 
waters  also  sometimes  eat  deepsea  fishes^   Naturally  the 
vertical  distribution  differs  markedly  with  sea  conditions j, 
but  there  is  danger  in  judging  from  the  food  of  the  fisho   For 
example,  even  though  they  may  feed  on  such  deepsea  fish  as  the 
myctophids,  it  is  more  reasonable  in  view  of  the  difference 
between  the  depths  at  which  these  fishes  occur  during  the  night 
and  during  the  day  to  think  that  the  marlins  catch  and  eat  them 
during  the  night  when  they  come  up  into  the  shallow  levels  than 
that  they  dive  deep  to  catch  themo 

iiio   Spawning  and  growth 

The  life  history  of  these  fishes  is  almost  completely 
unknown.   It  is  thought  that,-,  like  the  tunas,  they  spawn  grad- 
ually over  a  broad  area  of  the  seao 


Figure  16o— -ao  Ripe  egg  of  black  marlin  (X30),  be  Ovarian  egg 
of  short=nosed  spearfish  (X30)s,  Co  Pipe  egg  of 
sailfish  (XSO),,  d„  Ripe  egg  of  tuna  (X23)o 

Figure  17o— -Upper  left  -  juveniles  of  Atlantic  Ocean  sailfishg 
lo  Total  length  9  mm,,  2,  Total  length  14  mmo  p 
3o  Total  length  60  mmo  Upper  ^ight  =  larval 
sailfishs  1,  2c  Total  length  i  6  mmo   Middle  - 
juvenile  broadbill,  lower g   a  Larval  sailfish 
(body  length  i  3  mm„)p  b.  Juvenile  sailfish 
(body  length  t  12  mmo  \    Cc  Juvenile  sailfish 
(body  length  L   140  mmo) 


The  facts  that  are  known  concerning  the  spawning  of  the 
short-nosed  spearfish  axe  briefly  as  follows^   The  spawning 
habits  of  this  species  in  other  sea  areas  is  as  yet  unknowi  ^ 
but  in  the  waters  adjacent  to  Formosa  it  spawns  around  November 
to  Decembero   The  area  in  which  it  spa^iras  is  centered  150  miles 
offshore  in  the  Pacific  and  the  fish  are  almost  never  seen 
within  30  miles  of  the  coastc   At  the  season  mentioned,  fish 
with  ripe  eggs  and  those  with  unripe  eggs  are  taken  togetherg 
showing  that  spawning  extends  over  a  long  period  of  timeo   Eggs 
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from  a  fish  in  the  act  of  spawnings  when  treated  with  milt,  have 
a  diameter  of  about  1  mmo   Unfertilized  mature  ovarian  eggs  have 
a  diameter  of  Oo8  -  0o85  mmo ,  which  does  not  differ  much  from 
the  size  of  the  eggs  of  other  specieso   In  eg^s  at  this  stage 
of  ripeness  there  are  two  oil  globules,  but  it  is  thought  that 
later  these  form  a  single  globuleo   Surrounding  the  oil  globules 
there  is  an  indefinite  pale  yellow  nimbus j  but  there  are  no 
structures  on  the  vitelline  membrane  and  the  egg  as  a  whole  is 
clear  and  almost  colorlesso   Nothing  at  all  is  known  as  yet 
about  the  larvae  and  their  development. 

With  regard  to  the  sailfish  there  is  a  comparatively  large  ^ 
amount  of  data.   The  juveniles  of  the  sailfish  of  the  Atlantic  *■  '' 
have  been  known  for  a  long  time,,   The  areas  and  seasons  in  which 
the  author  has  collected  ripe  eggs  and  larvae  in  the  Southwest 
Pacific  are  as  follows s 

Month  and  Ye  sir    Area        Ripe  Eggs  Larvae  (length  in  mm,} 

12  -  31        Banda  Sea  /  — 

18  -  31^?  Sic^  Formosan  waters     /  --- 

4-7 

7-35       Eo  of  Formosa       /  140 


8  ■ 

»  35 

Off  Hongkong 

200  -  260 

7  • 

-  39 

Hainan  waters 

/ 

3-6 

5  = 

-  40 

NE  of  Luzon 

/ 

7-12 

8-41        Nhatrang  700  -  750 

In  addition  to  these,  Uchida^^^'  has  reported  a  juvenile 
of  about  7  mrn„  body  length  from  Satsunan  waterso 

Spawning  is  carried  on  with  a  male  and  a  female  paired  or 
with  two  or  three  males  chasing  a  single  f emale p  and  this  act 
can  be  seen  often  during  the  spawning  seasono  The  ripe  ovarian 
eggs  are  about  0o85  mm,  in  diameter  and  they  have  a  single  oil 
globule.  Around  the  oil  globule  there  is  a  pale  yellow  indefi- 
nite nimbus o  There  are  no  structures  on  the  vitelline  membrane 
and  the  egg  as  a  whole  is  almost  colorless  and  clear^ 

v^^  Guntherj,  A,,  I88O0   An  Introduction  to  the  Study  of  Fishes, 
Londono 

''^''  Uchidaj,  Keitaro'c   1937o   On  the  Flotation  Mechanisms  Seen 
in  the  Larval  Stages  of  FisheSj,  Science  7o   Iwanamio 
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In  larvae  of  about  3  nuri;,  body  length,  which  are  thought 
to  have  just  hatched  outj  the  snout  protrudes  hardly  at  allj 
the  mouth  is  large ,  and  there  are  large j,  sharp  teeth  in  both 
jawSo  There  is  a  serrated  projection  on  the  upper  edge  of  the 
eye  socket.   This  projection  adjoins  a  huge  spine  on  the  upper 
end  of  the  posterior  edge  of  the  preopercleo   At  the  lower  end 
of  the  posterior  edge  of  the  pi-eopercle  there  is  a  spine  even 
larger  than  the  one  at  the  upper  end.   Except  for  the  eyeball 
hardly  any  pigment  is  developed  on  the  body,, 

In  individuals  of  5  =  7  mnio  the  serrate  portion  above  the 
eye  has  degenerated  somewhat,  but  the  upper  and  lower  spines  on 
the  preopercle  are  still  conspicuouso   The  snout  projects  some- 
what ,  the  mouth  is  large »  and  the  teeth  in  both  jaws  are  still 
prominento   Heavy  dark  purple  pigment  has  developed  on  the  head 
and  body,  but  none  appears  on  the  paudal  region„   Particularly 
large  chromatophores  can  be  seen  on  the  dorsal  surface  of  the 
head  over  the  brainy  and  a  number  of  large  round  chromatophores 
also  appear  along  both  sides  of  the  base  of  the  dorsal  fino 

In  specimens  of  about  12  mmo  the  snout  is  already  markedly 
elongated  and  the  lower  jaw  also  projectSo   Sharp;  canine=like 
teeth  are  closely  set  in  both  jaws,  the  tip  of  the  upper  jaw 
having  three  particularly  large  canine  teeth,  the  middle  one  of 
which  is  hooked  somewhat  upward„   The  bony  portion  of  the  upper 
rim  of  the  eye  socket  with  its  serrated  edge  has  degenerated 
markedly^  and  the  upper  and  lower  spines  of  the  preopercle  have 
diminished  in  relative  lengtho   The  dorsal  fin  has  greatly 
developed  and  its  rays  are  clearly  discernibleo   The  other  fins 
have  also  developed  remarkablyo   Both  the  dorsal  and  the  anal 
fins  have  a  single  base,,   The  unpigmented  portion  of  the  caudal 
region  has  become  restricted  to  the  farthest  posterior  partp 
remaining  only  on  the  caudal  peduncleo   The  large  chromatophores 
which  appeared  on  the  dorsal  surface  of  the  head  above  the 
brain  and  at  the  base  of  the  dorsal  fin  have  disappearedo   On 
the  part  of  the  dorsal  fin  having  the  longest  rays  large,  roundj 
deep  black  chromatophores  appear  forming  spotso 

Of  the  larger  sizes  of  fish  none  have  been  collected  as 
yet  up  to  a  length  of  about  140  mmo   Specimens  of  this  length 
are  in  general  like  mature  fish  in  form„  and  the  projections 
and  spines  which  are  seen  in  the  juvenile  stages  have  completely 
disappearedo   Marked  differences  from  mature  fish  are  the 
extraordinary  length  of  the  snoutp  the  fact  that  the  dorsal  and 
anal  fins  each  have  a  single  base^  the  nearly  semicircular  form 
of  the  edge  of  the  dorsal  fin  without  the  concavity  which 
appears  in  the  anterior  portion  in  the  adult^,  and  the  fact 
that  the  markings  and  spots  on  the  lateral  line  and  the  first 
dorsal  are  unclear  and  barely  apparento 
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In  fish  of  a  body  length  of  about  2  60  inm„  almost  no 
differences  in  form  from  specimens  of  around  140  mmo  can  be 
perceivedo   The  dorsal  and  anal  fins  are  still  single-based, 
but  the  rays  which  are  to  form  the  anterior  portions  of  the 
second  dorsal  and  the  second  anal  are  developicg  and  those  which 
are  to  make  up  the  posterior  extremities  of  the  first  dorsal 
and  the  first  anal  are  becoming  shorter  so  that  the  tendency 
toward  the  separation  of  each  set  of  fins  into  two  bases  is 
becoming  clearo 

When  it  comes  to  larger  specimens,  I  have  seen  one  of 
about  700  mmo  body  length  taken  in  a  coastal  gillnet  in  the 
Annam  area,  but  I  had  no  opportunity  to  make  a  thorough 
examination  of  ito 

Fish  of  around  140  -  2  60  mm„  body  length  have  a  marked 
positive  phototropism  and  they  are  frequently  collected  with 
fishing  lights o 

I  have  no  data  at  all  as  yet  on  the  spawning  habits  of 
Kajikia  f o  rmo  s  ana  n 

The  spawning  of  Kajikia  mitsukurii  in  Formosan  waters 
seems  to  be  at  its  peak  from  April  to  May,  and  in  the  fish  taken 
at  that  season  the  gonads  are  generally  well  developed,  ripe 
ova  being  seen  frequent ly„   At  this  season  in  Formosan  waters 
this  species  is  comparatively  scarce  in  the  Pacific  coast 
waters  and  more  abundant  in  the  South  China  Sea.   Consequently 
it  is  thought  that  spawning  is  carried  on  mainly  in  the  South 
China  Sea,   In  form  the  ripe  ova  are  almost  the  same  as  those 
of  the  sailfishp  and  it  is  impossible  to  distinguish  them 
merely  by  seeing  the  eggSo   No  data  have  been  obtained  as  yet 
concerning  the  larval  and  juvenile  formso   It  is  known  that 
this  species  also  spawns  near  the  Ogasawara  Iso  in  the  Central 
Pacific  around  May -June  o 

The  spawning  of  the  black  marlin  occurs  from  April  to 
August  in  the  waters  east  of  Luzon  and  Formosa,  and  eggs  from 
ripe  ovaries  have  been  collected.   There  is  not  as  yet,  however, 
any  material  on  the  larval  and  juvenile  stages.   The  form  of 
the  ripe  ova  is  just  like  that  of  the  sailfish  and  Ko  mitsukurii. 

No  concrete  data  have  yet  been  obtained  regarding  the 
spawning  habits  of  the  white  marlin^  but  for  reasons  given 
below  it  is  presumed  that  their  spawning  season  in  Formosan 
waters  is  probably  around  August  -  Octobero 

The  number  of  eggs  in  the  ovaries  of  one  spearfish  varies 
depending  on  the  species  and  the  size  of  the  individual,  however, 
it  appears  to  amount  to  from  1  million  to  l,200,000o   This 
figure  is  obtained  from  the  total  weight  of  the  ovaries  and  the 
number  of  eggs  contained  in  1  gram,  and  is  thus  an  extremely 
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rough  estimate,!   Such  questions  as  what  proportion  of  these  eggs 
hatch,  what  percentage  reach  full  maturity,,  and  what  is  their 
rate  of  development  remain  to  be  investigatedo 

The  spawning  season  of  the  broadbill  swordfish  in  Japanese 
waters  is  thought  to  be  around  Augu st=Sept ember ,   Its  develop- 
ment is  known  to  include  marked  changes  in  forme   NakamuraC^y 
has  reported  the  collection  in  the  spring  of  1933  near  Ominato, 
Chiba  Prefecture,  of  two  specimens  measuring  660  and  860  ramo  in 
total  lengtht   The  660  mm^  individual  in  form  had  the  outline 
of  a  mature  fish,  but  both  the  dorsal  and  anal  fins  were  single, 
the  former  with  2  spines  and  4E  rays  and  the  latter  with  1  spine 
and  15  raysc   The  mature  fish  have  no  teeth,  but  larval  fish  at 
this  stage  have  setiform  teetho   There  are  keels  on  the  caudal 
peduncle,  but  they  are  not  as  conspicuous  as  in  the  adultc   There 
are  hard  scales  forming  rows  on  the  sides  of  the  body,  and  the 
dorsal  surfaces  are  deep  indigo  in  color,  the  sides  paler^  and 
the  belly  is  whitec   The  yellow  bands  on  the  fins  and  body  pic- 
tured by  Ijjtken  on  a  37  mmo  larva  hav©  already  faded  out  and 
cannot  be  seen,,   In  the  860  mmo  specimen  the  lower  jaw  has 
become  rather  short„   The  dorsal  and  anal  fins  both  are  still 
single,  but  in  the  dorsal  the  fifth  to  the  sixth  rays  from  the 
posterior  end  have  become  shortened,  and  in  the  anal  fin  the 
fifth  to  the  seventh  rays  from  the  posterior  end  have  become 
buried  in  the  muscles  £,  cleso-ly  indicating  a  tendency  toward 
separation  into  two  fins, 

ivo  Distribution  and  migrations 

These  fishes  are  present  at  all  times  in  tropical  seaSo 
In  the  coastal  waters  of  Japan  they  begin  to  migrate  gradually 
north  as  the  water  temperature  rise  in  the  springo   The  season 
of  the  northward  migration  is  somewhat  later  than  that  of  the 
black  tuna  and  about  the  same  time  as  that  of  the  albacoreo 

The  short -nosed  speao'fish  is  very  pelagic  in  nature,  and 
it  hardly  ever  comes  into  coastal  waters  nor  is  it  seen  in 
enclosed  saasc   Its  distribution  in  the  waters  adjacent  to 
Japan  is  in  general  south  of  Sagami  Wano   Many  of  these  fish 
spawn  in  the  waters  east  of  Fonnosa  in  an  area  centered  about 
150  miles  offshore  from  October  to  December c  When  the  Sh'onan 
Maru'5;  conducted  a  survey  in  the  central  part  of  the  East 
Philippine  Sea  (lO°  No  -  15°  No)  in  July,  193?^  not  one  fish 
was  takenj,  and  only  one  was  caught  in  the  southern  part  of  that 
sea  (3°  No  -  10°  No)  in  Augusto   In  the  survey  made  by  the 


^^'Nakamura,  Hidenario   1935-36o_  Larval  Stages  of  Shorefishes 
Appearing  in  the  Vicinity  of  Ominato  (Parts  12,  14)o 
Yoshokukai  Shi  5.   pp„  191^195;  6o  ppo  133-139. 

wJOriginally  the  Taiwan  Government-General *s  research  vesselo 
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Takao  Maru^^>  in  September  1940,  in  the  center  of  the  same  sea 

(10°  No  -  15°  No  3  eight  fish  were  taken.   A  tabular  compari- 


area 


son  of  the  catches  of  these  two  survey  vessels  is  as  follows? 

Table  2 
Comparison  of  Catches  (central  part  of  East  Philippines  Seaj 


Vessel 

Yellowfin 

Big-eyed 

Black  Marlin 

Striped  Marlin 

Sailf ish 

Short =nosed 

No„ 

% 

No„ 

% 

Noo 

% 

No„ 

% 

Woo 

% 

No. 

% 

S ho nan 
Takao 

54 
24 

47o6 
48o0 

3 
0 

2o4 
0 

57 
12 

50oO 
24o0 

0 
2 

0 
4„0 

0 

4 

0 
8o0 

0 
8 

0 
16„0 

Note?  %   indicates  the  composition  of  the  catcho 

A  look  at  the  above  table  shows  that  there  is  no  great  difference 
in  the  proportion  of  yellowfin,  but  the  black  marlin  decrease 
markedly  and  the  short-nosed  spearfish  show  a  conspicuous  in- 
creaseo   Considered  seasonally,  such  a  difference  in  the  catch 
occurs  in  a  matter  of  about  2  monthso   Since  the  surveys  were 
made  in  different  years,  it  is  hard  to  make  any  definite  state- 
ment, but  it  is  thought  that  the  variations  shown  in  the  table 
accompany  the  change  of  seasono   If  this  fact  is  taken  together 
with  the  above-described  distribution  in  the  waters  east  of 
Formosa,  it  can  be  thought  that  the  distribution  of  this  species 
in  these  sea  areas  gradually  becomes  denser  from  September  on,, 

The  sailfish  is  of  extraordinarily  wide  occurrence  and 
comes  into  the  coastal  waters  so  far  as  to  be  taken  in  trapso 
In  Japanese  waters  they  are  numerous  south  of  KislfiT,  and  the 
northern  limit  of  their  distribution  is  off  Northeastern  Japano 
They  are  commonly  seen  in  the  Ryukyu  and  i'ormosa  areas,  being 
especially  abundant  in  summero   The  season  of  dense  distribution 
coincides  with  the  spawning  season  for  this  species  in  these 
waters o 

ICo  f ormosana  appears  to  have  approximately  the  same  dis- 
tribution and  migrations  as  the  short -nosed  spearfish,  but  the 
details  are  not  yet  knowno   From  a  consideration  of  certain 
data  it  appears  that  this  species  appears  in  the  waters  east 
of  Formosa  somewhat  later  than  the  short-nosed  spearfisho 

The  striped  marlin  is  also  extremely  widely  distributed, 
occurring  in  all  of  the  tropical  waters  of  the  Pacific  and  in 


(6) 


Originally  the  research  vessel  of  Takao -shu  ^yormosa^o 


46 


the  Indian  Oceano   It  is  said  that  the  northern  limit  of  its 
diistriTDution  in  Japanese  waters  is  in  the  vicinity  of  42°  No 
Attempts  have  been  made  to  gather  various  data^  but  since  in 
Japan  the  striped  marlinj  the  black  marlinj  and  the  white  marlin 
are  seldom  carefully  distinguished  and  all  three  species  are  in 
many  cases  reported  together  as  striped  marlin  or  simply  as 
marlinj,  the  distribution  and  migratory  pattern  of  each  species 
is  not  very  clearo   In  Japanese  waters  the  area  extending  from 
southwest  of  Kyushu"  to  the  Tsushima  Strait,  the  Kinan  Sea  Area, 
and  waters  off  the  Izu  and  Boso  peninsulas 9  and  the  coastal 
waters  of  the  Izu  and  Ogasawara  islands  are  noted  as  fishing 
grounds  for  the  spearfisheso   Farther  south  these  fish  are 
taken  throughout  the  yearo 

The  waters  east  of  Formosa  and  the  South  China  Sea  are 
areas  in  which  the  spearfishes  aro  very  abundanto   From  prewar 
statistics  it  appears  that  there  was  no  great  difference  between 
the  number  of  fish  tsJcen   in  Formosa  and  the  total  catch  from  all 
of  Japan  propero 

The  fishing  season  in  the  seas  east  of  Formosa  is  the 
season  of  the  northeast  monsoous  that  is,  from  October  to  Aprilo 
The  fishing  grounds  are  generally  within  30  miles  of  the  coast, 
and  as  one  goes  farther  out  to  sea  the  density  of  distribution 
decreasesc   The  fishing  carried  on  in  these  waters  is  chiefly 
the  harpoon  fisheryo   The  longline  fishery  is  also  prosecuted 
vigorously  in  this  area^  but  its  main  objective  is  numerous 
species  of  sharko   In  the  catch  from  the  harpoon  fishery  the 
white  marlin  is  very  numerous  at  the  beginning  of  the  season, 
while  the  striped  marlin  increases  during  the  middle  part  of 
the  season,  and  the  black  marlin  gradually  become  more  numerous 
toward  the  end  of  the  seasono   If  we  calculate  only  the  pro- 
portions of  tunas  and  spearfishes  in  the  longline  catch,  the 
tunas  make  up  60  ■=  65  percent  and  the  spearfishes  35  -  40  per=' 
cent  of  the  whole^   Such  a  high  ratio  of  spearfishes  is  not 
seen  anywhere  else  north  of  the  central  part  of  the  East 
Philippine  Sea  except  at  certain  seasonso 

The  pattern  of  distribution  and  migration  in  the  South 
China  Sea  area  seems  to  differ  considerably  from  that  of  the 
Kuroshio  region„   The  main  fishing  season  is  still  the  northeast 
monsoon  and  the  white  marlin  generally  predominates  in  the  early 
part  of  the  season^  but  the  catch  also  includes  a  considerable 
iiumber  of  black  marlin,  which  are  extremely  rare  in  the  Kuroshio 
at  this  timoo   The  composition  of  the  spearfish  catch  from  the 
middle  of  the  season  on  does  not  differ  greatly  from  that  of 
the  Kuroshio  areao   Quite  a  few  fish  are  taken  after  the  season 
has  ended  in  the  Kuroshio j,  and  from  July  to  September  white 
marlin  occur  in  considerable  abundance  in  the  northwestern  part 
of  this  sea  areao   Considered  generally^,  the  schools  are  most 
abundant  at  the  beginning  of  the  season  in  the  southeastern 
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portion  of  the  area,  that  is^  in  the  waters  adjacent  to  the 
Sulu  Seap  while  in  the  middle  of  the  season  they  are  dispersed 
all  over  the  areao   Usually  in  March  and  April  dense  schools 
of  white  and  striped  marlin  move  from  south  "co   north  in  the 
waters  off  Annamo 

The  fishing  grounds  in  the  East  Philippine  Sea  have  been 
opened  up  in  recent  years  and  it  has  not  yet  been  possible  to 
acquire  full  data  on  themo   The  fishing  season  in  this  sea  area 
tends  to  be  during  the  season  of  southwest  winds.   The  results 
of  the  investigations  of  the  Shohan  Maru  in  1937  were  as  shown 
in  the  following  tabled 

Table  3 

Fishing  Conditions  in  the  East   Philippine  Sea 
(Sh^han  Marug   June-September ,    1937) 


Area(i) 

Yellowfin 

Big=eyec 

White 
Marlin 

Black 
Marlin 

Striped 
Marlin 

Sailfish 

Short -nosed 

Noo 

% 

iNoo 

% 

Noo 

% 

Noc 

% 

Noo 

% 

Noo 

% 

Noo 

% 

Northern 

19 

lo7 

I 

0 

OoO 

1 

0„1 

57 

5ol 

0 

OoO 

3 

3oO 

0 

OoO 

Central 

54 

3o5 

3 

Oc2 

0 

OoO 

57 

3o7 

0 

OoO 

0 

OoO 

0 

OoO 

Southern 

286 

9c4 

|14 

0„4 

2 

oa 

59 

lo9 

1 

OoO 

7 

Oo2 

1 

OoO 

Notes      %  indicates  the   number  of  fish  taken  per  100  hookso 


(l)  Northern  area   -     15 


20°  Ho 


123      =  125°  Eo    number  of  hooks   1^,120 

Period  of   survey  June  25-29, 
July  24-25 


Central  area 


Southern  area 


10" 


15°   No 


125°    -  129°   Eo    number  of   hooks   lj,560 

Period  of   survey  July  12-23 

=     3°    -     10°   No 
127°    -  131°   Eo    number  of  hooks   3,040 

Period  of   survey  August  15-31j 

September  l-So 


As  is  clear  from  table  3p  at  this  season  in  the  East 
Philippine  Sea  the  distribution  of  spearfishes  other  than  the 
black  marlin  is  extremely  sparseo   The  division  of  this  sea  area 
made  in  the  table  (see  the  footnote)  is  based  on  the  fact  that 
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the   northern  part  is   the  place  of  origin  of  the  Kuroshio  and  the 
currents   clearly  point   norths,   the  central   part  in  general   is  an 
area  in  iiriiich  the  Equatorial   Current   impinges  upon  the  Philippine 
Islands   and  the   currents  have  no  definitely  fixed  directions    &^cl 
in  most   of  the   southern  part  the  currents  run  mainly  eastward j, 
showing  that  it  is  within  the  Equatorial   Countercurrento      Thus 
ooeanographic  conditions   appear  to   be  different  in  each  of  these 
three  parts   of  the   sea  areao 

From  the  fishing  situation  as   it   appears  in  table  3   it 
is   clear  that  as  one  goes   south  the  density  of  occurrence   of 
the  black  marlin  gradually  decreases,   howeverp    it  must  be  taken 
into  account  that  there  is   a  break  of  more  than  2  months  between 
the  begirmiog   and   end  of  the  investigationo 

In  data  from  investigations   in  the  area  formerly  under 
the  jurisdiction  of  the  South  Seas   Government -Generals,   which 
continues  to  the  eastward  of  this   sea  area,    the   species  were 
not   sufficiently  differentiated j    and   consequently  it   is   dif- 
ficult  to  make  a   full   compsirison  with  the  material   in  table  3o 
Data  from  the  adjacent   Celebes   Sea  area  to  the  west   are  also 
inadequate  in  this   respecto      If s   however^   we   consider  both 
the  distributional   and  migrational   pattern  in  the  waters   east 
of  Fonnosas    as   described  abovej,    and   the   situation  in  the  East 
Philippine  Sea,    the  migrations   of  the  spearfishes  in  the 
Kuroshio   current  area^  which  is   thought  to  be  most   deeply 
related  to   our  coastal  waters,   are  probably  in  general   as 
follows  § 

(1)  At  the  beginning  of  the   northeast  monsoon  the  white 
marlin  appear   in  the  central  part  of  the  Kuroshio  east  of 
Formosao      They  gradually  begin  to  move  northward j,   and  around 
Ap"  il   they  become  scarce  in  these  waterSo 

(2)  At   about  the  same  time  as  the  white  marlinj,  but 
farther  offshore  than  the  central   part  of  the  Kuroshio  Current 
area  east   of  Formosaj   the   short=uosed   spearfish  occurs  in  con- 
siderable  concentrationo 

(3)  The   striped  marlin  appears   in  the   central  part  of 
the  Kuroshio   current   area  somewhat  later  than  the  white  marlinp 
and  about  April  their  occurrence  becomes   sparseo 

(4)  At  about  the   same  time  as  the   striped  marlin^    the 
little  marlin  /Kajikia  formosana/^  appears   in  the  waters  where 
the   short-nosed  spearfish  occur redo 

(5)  The  black  marlines  appearance   follows  the   striped 
marlino      It  begins   to   increase  in  numbers  beginning  around 
Februaryo      The  period  of  its   appearance  is  very  long,    and  the 
density  of  its   occurrence  apparently  begins  to  decline  from 
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September  ono   It  is  further  thought  that  the  density  of  its 
distribution  is  greater  in  the  Equatorial  Current  and  the 
Kuroshio  and  less  in  the  Equatorial  Countercurrento 

(6)  The  sailfish  occurs  in  its  greatest  density  in 
several  months  before  and  after  Juneo   It  comes  far  into  the 
coastal  waters o 

The  broadbill  swordfish  occurs  in  higher  latitudes  than 
the  marlins,  and  at  some  seasons  is  fairly  numerous  in  the 
Northeast  and  off  Hokkaido  and  the  southern  Kurileso   It  is 
also  widely  distributed  in  tropical  waters,  but  in  these  areas 
its  commercial  significance  is  not  as  great  as  that  of  the 
marlinso 

The  question  of  depth  of  occurrence,  that  is ^  vertical 
distribution^,  will  be  discussed  along  with  that  of  the  tunas 
in  the  chapter  on  fisherieso 

When  we  examine  the  marlin  which  are  taken  in  the  area 
in  which  the  Kuroshio  originates  and  in  the  South  China  Sea 
area,  we  find  that  there  is  generally  a  marked  difference  in 
their  sex  ratio  at  different  seasonso   For  example,  in  the  case 
of  the  black  marlin,  there  is  from  October  to  about  April  an 
overwhelming  majority  of  females  and  males  are  fewo   Beginning 
in  April  the  males  gradually  increase  in  numbers  and  in  July 
and  August  the  opposite  situation  obtains  with  an  overwhelming 
majority  of  maleso  With  the  striped  marlin  this  phenomenon 
appears  somewhat  earlier  than  with  the  black  marlin^  and  in  the 
case  of  the  wdiite  marlin  it  appears  about  3  months  latero   It 
seems  that  the  sex  ratio  of  the  sailfish  is  about  even  and  does 
not  change  greatly  throughout  the  year,  but  adequate  data  have 
not  yet  been  collected  for  this  species  and  for  the  short-nosed 
spearfish  and  the  little  marlino   It  will  be  necessary  to 
inquire  whether  this  phenomenon  results  from  differences  in 
the  season  of  migration  of  the  sexes  or  whether  it  is  caused 
by  differences  in  feeding  habits  which  bring  about  a  differential 
representation  in  the  catcho 

The  fishery  based  at  Takao  operates  with  longlines,  but 
the  fisheries  of  Suo  and  Keelung  are  mainly  harpoon  fisheries 
and  do  not  use  baito   The  changes  in  sex  ratios  in  the  catch 
of  both  of  these  fisheries  show  a  tendency  toward  almost  com- 
plete agreement,   Furthermorej  during  the  height  of  their 
spawning  seasons  in  the  waters  adjacent  to  Formosa  the  sex 
ratios  of  the  sailfish,  short-nosed  spearfish,  striped  marlin, 
and  black  marlin  show  values  approximating  1  to  lo   The  sex 
ratios  also  generally  average  about  1  to  1  in  the  course  of  a 
yearo   Considered  in  this  way,  it  can  hardly  be  thought  that 
there  is  any  sexual  difference  in  food  habits.   Accordingly  it 
is  thought  that  in  the  waters  adjacent  to  Formosa,  at  least. 
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the   sexes   differ   in  the   season  of  their  migrationso      Whether 
such  a  phencraenon  can  be  seen  throughout  the  whole   sea  area  in 
which  these  fishes   occur  and  migrate   is   not  yet   knownj,   but   it 
is   certain  that   it  bears   a  close   relationship  to   their  spamiingo 

Then  there  is  the  deeply  interesting  fact  that  the  fish 
differ  in  size  by  sexeso  V^J  in  general  in  the  Tetrapturinae 
the  sexual  difference  in  size  is  not  conspicuous,  but  in  the 
Marlinae  it  is  extremely  so.  This  fact  was  noted  along  with 
the  sex  ratio  in  the  course  of  the  investigations  carried  on 
by  the  Shonan  Maru  in  the  East  Philippines  Sea  in  1937c  The 
results   of  this   study  are   shown  in  table  4„ 

Table  4 

Sex  Ratio  and  Body  Weights   of  Black  Marlin 
(Shonan  Maru,    Sast   Philippines   Sea,   June   -  Seotember^,   192?) 
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As  the  table  shows s  the  males  were  all  under  90  kgo  and 
the  majority  of  them  were  between  40  and  60  kgo   There  were  few 
femaleSs  tut  the  majority  of  them  were  over  90  kgo   For  a  number 
of  years  thereafter  the  sex  ratios  and  size  differences  of  the 
fish  landed  at  Takao  and  Suo  were  studied  writh  the  following 
general  results\^>8 

ao   For  the  black  marlin  the  largest  male  was  about  110  kgo 
and  there  were  none  larger  than  thato   Most  of  them  were  between 
40  and  60  kgo   Hardly  any  were  taken  under  20  kgo  The  females 
ranged  from  20  kgo  to  a  maximum  of  500  kgo  j,  but  the  greatest 
number  were  between  100  and  120  kgo   Consequently^  if  a  frequency 
curve  is  drawn  according  to  sizej,  the  mode  for  the  males  will 
appear  between  40  and  60  kgo  and  above  and  below  this  point  the 


(7)  As  has  already  been  described  in  the  section  on  the  tunas, 
the  sexes  are  known  to  differ  in  size  among  the  tunas  alsOj 
but  it  is  interesting  that  in  the  spearfishes  this  dif- 
ference is  exactly  oppositeo 

(8)  Nakamura^  Hiroshi,  (1945)  Studies  on  the  Istiophoridae  of 
Formosan  Waters,  7,  Sexual  Differences  in  Size  of  Fish, 
Proco  Formosan  Nat,  Hist„  Soco ,  Volo  35^  Aug, 
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curve  vrill  fall  off  sharply,,  For  the  females  the  peak  will 
appear  between  100  and  120  kgo ^  above  and  b  .^ow  which  point 
the  frequency  will  gradually  decline  in  a  gentle  curvec 

bo   In  the  white  marlin  the  males  reached  a  maximum 
weight  of  about  120  kgc ,  and  there  were  almost  none  over  this 
weighto   The  most  numerous  size  group  was  from  40  to  60  kgo 
The  females  ranged  from  20  to  a  maximum  of  560  kgo,  but  they 
were  most  numerous  between  100  and  140  kgo   A  curve  of  size 
frequencies  shows  the  same  general  form  as  in  the  case  of  the 
black  marlino   Almost  no  fish  of  either  sex  weighing  less  than 
20  kgo  were  caughto 

Co   In  the  other  species  size  differences  between  the 
sexes  are  inconspicuouso   Data  are  also  meager,  and  the  size  of 
the  fishj  which  even  in  the  striped  marlin  rarely  exceeds  100 
kgo  p  is  still  smaller  in  the  other  species^,  so  in  a  comparison 
using  10  kgo  as  the  unit  it  is  believed  that  no  difference  in 
size  between  the  sexes  would  appearo 

Since,  as  explained  above,  the  sex  ratios  vary  with  the 
seasons  and  the  sexes  differ  in  size,  it  is  only  natural  that 
there  should  be  seasonal  variation  in  the  size  of  fish  that  are 
takeno   An  attempt  has  been  made  to  clarify  this  using  the 
individual  weight  data  from  all  of  the  fish  of  each  species 
landed  at  Takao  and  SuOo   The  data  cover  the  years  1942  and 
1943o 

The  facts  which  were  made  clear  as  a  result  were  briefly 
as  follows^^V; 

ao   In  the  black  marlin  the  average  body-weight  gradually 
increases  from  January  to  April  and  reaches  its  peak  in  the 
latter  montho   The  average  for  January  is  slightly  over  90 
kgo  s  while  that  for  April  is  about  120  kg.   After  May  there  is 
a  rapid  declinej  and  the  minimum  of  about  65  kg„  is  reached  in 
Augusta   In  September  the  average  weight  begins  to  increase 
rapidly,  and  in  October  it  is  almost  equal  to  the  January  figure. 
In  November  it  is  around  80  kgo „  and  in  December  it  again 
nearly  equals  January's  marko   The  greatest  number  and  weight 
of  fish,  however,  are  taken  in  Julyo 

bo   In  the  case  of  the  white  marlin,  too,  the  curve 
follows  the  same  trend  as  that  of  the  black  marlin,  but  the 
periods  in  which  the  maximum  and  minimum  sizes  appear  are  about 
3  months  later  than  for  the  black  marlino 


(9) 


Nakamura,    Hiroshio      1945o      Studies   on  the   Istiophoridae   of 
Formosan  Waters,    8,    Seasonal  Differences    in  the  Size   of 
Fisho      Proco    Formosan  Nato    Hist„    Soco ,    Volo    35,   Octo ,  Deco 
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Co   In  the  other  species  this  sort  of  change  is  not 
Gonspicuouso 

As  stated  previously,  in  the  black  marlin  the  greatest 
number  of  males  weigh  40  -  60  kg,  ;,  while  among  the  females  those 
of  100  -  120  kgo  are  most  numerouso   Considered  very  summarilyj 
the  fish  can  be  divided  into  those  under  60  kg„ «  which  can  be 
taken  to  be  almost  entirely  malesp  and  those  over  100  kgo;, 
which  can  be  thought  to  be  almost  exclusively  females^  and  the 
proportions  of  these  two  size  groups  in  the  total  number  of 
fish  caught  can  be  taken  as  an  estimate  of  the  ratio  in  which 
the  sexes  appearo   If  we  try  drawing  curves  of  the  frequency  of 
occurrence  of  males  and  females  in  each  month,  we  find  as  a 
natural  result  that  these  curves  intersect  each  other  twice^ 
in  May-June  and  in  August-Septembero   In  effect,  the  frequency 
curve  of  the  females  agrees  generally  with  the  curve  of  monthly 
average  weights  described  above,  while  the  males  are  nearly  the 
reverse.   The  period  from  the  time  when  the  frequency  curve  for 
the  females  reaches  its  peak  in  April  to  the  time  of  its  lowest 
point  in  August  is  in  general  the  spawning  season  in  Formosan 
waters,  and  the  intersection  of  the  two  curves  in  May- June  is 
at  the  height  of  the  spawning  seasono   This  can  be  said  to  be 
a  deeply  interesting  phenomenono 

The  spawning  season  of  the  iwhite  marlin  is  completely 
unknown.   It  is  merely  presumed  from  some  data  on  gonads 
obtained  in  the  Hainan  Island  area  that  July  to  August  is 
probably  the  spawning  season  in  those  waters.   If  the  curves 
for  the  frequency  of  occurrence  of  males  and  females  are  drawn, 
based  on  the  same  assumptions  that  were  made  in  the  case  of  the 
black  marlin,  the  curves  show  approximately  the  same  trend  as 
those  for  the  black  marline   However,  the  maxima,  minima,  and 
points  of  intersection  of  these  curves  are  all  about  3  months 
later  than  those  of  the  black  marline   Consequently,  although 
the  spawning  season,  as  deduced  from  the  condition  of  the 
gonads,  has  not  yet  been  concretely  and  completely  proven,  its 
probability  has  been  remarkably  enhanced. 

Bo   Species 

Jordan  and  Evermann^^*^^  have  reported  the  spearfishes  or  Xiphiiformes 
of  the  v/orld  under  2  families,  4  genera,  and  32  species^   It  is,  however, 
questionable  whether  so  many  species  actually  exist,  and  it  is  believed 
that  the  opinion  which  was  expressed  with  regard  to  the  tunas  may  be 
applied  in  the  same  terms  to  these  fishes o 


^^^J   Jordan  and  Bvermann,   1926c   Occo  Papers  California  Acad,  Sci,  XII„ 
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Temminck  and   Schlegel^      %    Jordan  and  Snyder^      \    and  Dr.    Tanaka^      ^, 
have    reported  on  the    species    from  Japanese  waterSo      The  nresent  writervl^j, 
has   reported  two  families^    four  genera,     and   six    species   from  Formosan 
■waters,    and  in  recent   years    has    classified  the   spearfishes   of  the  western 
Pacific   in  two  subfamilies,    five   genera^    and   six    specieav^Sj^      The  two 
subfamilies^    3  of   the   5  generaj    and   2   of  the   6  species   are  new. 
Accordingly,    if   the  broadbill   swordfish  is  added,   the   species   occurring 
in  the  western  Pacific   are   seveno 

Such  characteristics   of   the    Istiophoridae   as    elongated  bony   scales, 
the   so-called  reticulated  gills,    and  the   absence   of  gill-rakers   are 
shared  with  the   Scombriformes,    so   it   is   thought  that  they  are   derived 
from  this   latter  groupo      Furthermore,    since  in  form  they  resemble  the 
juvenile    stages   of  the  broadbill  swordfish,    they  are  believed  to  be 
probably  an  intermediate  form  between  the   Xiphiidae  and  the  Scombridaeo 
It  is   not,   however,    possible  from  a  morphological  comparison  simply  to 
affirm  this   evolutionary  relationshipo      And  viewed  geologically  the 
fossils   of  the  mackerels,    spearfishes,    and   swordfishes   appear  parallel 
to   one   another    so  that  the   above-mentioned  relationship  is    not  proved 
from  this   angle   eithero 

Key  to   the  Families 

ao      Elongated  bony  scales   present,,      Snout   short,    nearly  round  in 
cross   section,,      Teeth  present  in  both  jaws™      Ventral  fins 
present!   two  pairs  of  keels  on  the   caudal   peduncleo      Dorsal 
fins   close  together   . , .  .  o .  • . . « o o  o » » » o ,.    Istiophoridae 

bo      No   scaleso      Snout  long,   both  upper  and   lower  members   gladiatOc 
Teeth  present  in  juveniles  but  absent   in  mature   specimenso 
No  ventral  fins;   dorsal   fins  widely  separatedo      Single  pair 
of  large  keels   on  caudal   peduncle   o .  o » . .  . . . » . ,  o o o o    Xiphiidae 


Family  Istiophoridae 

Body  long,   trunk  laterally  compressed,  caudal  portion  gradually 
becoming  cylindricalo      Covered  with  elongated  bony  scales   almost  buried 
in  the   skino      Upper  jaw  projecting   in  the   form  of   a   spearj    predentary 
bone   at  tip  of  lower  jawc      Rasp=like  teeth  are  present  in  both  jawso 
In  mature  fish  the  dorsal   and  anal   fins   are   each  divided  into  two 


'•'■•'•-'  Temminck  and  Schlegelo      1850o      Pisceso    Siebold's  Fauna   Japonicao 

^^"^J   Jordan,   Do  So    and   JoO,    Snydero      1901o      Jour«    Collo    Scio    Imp,   Univ<, 
Tokyo",    15o 

(^3;  Tanaka's  Fishes   of   Japan,   V"ol„    lo    2nd  Ed.    po    324o 
(14}  Nakamura,    Hiroshio      Taiwan  Suishi   Hokoku   No,    10.      1938o 
\i-o )  Nakamura,    Hiroshio      Studies   of  the  Istiophoridae  of  Formosan 
Iffaterso      Scio    Rpts„   Taihoku   Impo   Univo    (unpublished)o 
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parts,  but  in  juveniles  they  are  both  singleo   The  pectorals  are  placed 
low  on  the  body.,   The  ventrals  are  made  up  of  3  raysp  but  they  are  fused 
together  and  appear  externally  to  be  a  single  rayo   There  are  two  keels 
on  each  side  of  the  caudal  peduncle ^  and  the  lobes  of  the  caudal  fin 
are  narrow  and  widely  bifurcateo   A  lateral  line  is  present^,  but  while 
it  i s  clear  in  some  specimens  it  is  extraordinarily  obscure  in  others. 
Some  individuals  have  a  single  lateral  line,  while  in  others  it  is 
complex  in  form.   There  are  24  vertebrae,  which  can  be  described  by  the 
formula  12  /  12  in  some  individuals  and  by  11  /  13  in  otherso   The  ribs 
are  well  developed;,  but  they  are  headless  [^t   /  and  there  are  no  supra- 
costalso   The  air  bladder  is  a  mass  of  numerous  small  spongy  chamberSo 
There  are  similar  air  chambers  in  the  muscles  of  the  belly  between  the 
anal  fins.   The  family  is  divided  into  two  subfamilies. 

Key  to  the  Subfamilies 

lo   The  vertebrae  are  12  /  12  g  24o   The  body  is  slender  with  the 
height  of  the  first  dorsal  exceeding  the  depth  of  the  bodyo 
The  anterior  portion  of  the  first  dorsal  has  a  concave  out- 
lineo   The  lateral  line  is  single  and  clearly  discernibleo 

The  ventral  fins  are  generally  well  developed  o.o .o„oo 

ooooo...oo..»o..»„o«oooi>..oaoo..,...o  Subf sjiii ly  Tot rBptu ri nao 


2o   Vertebral  formula  11  /  13  s  24o   Body  stout^,  height  of  first 
dorsal  less  than  body  depths  height  of  the  fin  decreases 
sharply  posterior  to  the  4th  or  5th  ray„   Lateral  line 
obscurej,  may  be  single  or  complexo   Ventral  fins  generally 
short  oi,»i,o».ooooooo«oooo€,ooao.«o«oooo«oo Subfamily  Marlinae 

Subfamily  Tetrapturinae 

Body  slender„  trunk  markedly  compressed  laterallyo   The  first 
dorsals  at  its  highest  portionp  exceeds  the  body  depths  and  its 
anterior  portion  is  concave  in  outlineo   The  lateral  line  is  single 
and  clearly  discernibleo   The  ventral  fins  are  generally  longo   There 
may  or  may  not  be  transverse  rows  of  spots  on  the  sides  of  the  bodyo 
Vertebral  formula  12  /  12  s  24o 

Key  to  the  Genera 

lo   Snout  short,  no  transverse  bands  on  the  sides  of  the  bodyo 

c». ,...„«u  Genus  Tetrapturus 

2„   Snout  longj  transverse  bands  on  sideso... ooo  see  3 

3o 

3-lo  Dorsal  fin  remarkably  highg  its  central  portion  far 

exceeding  the  body  deptho   Body  remarkably  slender 

Genus  Istiophorus 


r>aooooooo 
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3-2o  Dorsal  fin  height  only  slightly  greater  than  the  body 
depth,  less  than  body  depth  in  the  central  portion  of 
the  fino   Body  rather  stout  c  ^  ....... o    Genus  Kajikia 

Genus  Tetrapturus  Rafinesque,  1810 

The  smallest  in  size  among  the  fishes  of  this  familyo   The  body 
is  long  and  slender  and  markedly  compressed  laterallyo   The  snout  is 
shorto   The  posterior  rays  of  the  dorsal  fin  are  hi^  and  the  pectoral 
fins  are  shorto   Jordan  and  Evermann  record  six  species  in  this  genus, 
of  which  five  occur  in  the  Indo -Pacific  region.   Among  them  are  included 
some  which  clearly  belong  to  other  genera.   One  species  occurs  in 
Japanese  waters, 

1 ,   Tetrapturus  angustirostris  Tanaka 

In  Japanese  fiTraikajikij,  sammakajiki,  or  sugiyajnao 


Figure  18, —Short-nosed  spearfish. 


The  first  dorsal  fin  has  49  to  53  rays,  of  which  the  first  three 
are  spines.   Eleven  to  13  of  the  rays  immediately  following  the  first 
three  have  branched  tips,  and  the  remaining  35  to  37  rays  are  spines. 
The  second  dorsal  has  6  soft  rays,  and  the  first  anal  has  2  spines  and 
12  soft  rays.   The  second  anal  fin  is  composed  of  7  to  12  rays.   The 
vertebral  count  is  12  /  12  s  24, 

Body  length  is  about  7  times  the  greatest  body  depth,  and  about 
8  times  the  depth  of  the  body  at  the  insertion  of  the  first  anal  fin. 
The  body  length  is  about  6o 3  times  the  length  of  the  snout.   The  snout 
length  is  1,4  times  the  head  length.   The  head  length,  excepting  the 
snout,  is  about  3,3  times  the  diameter  of  the  eye.   The  greatest  body 
depth  is  3,8  times  the  depth  of  the  caudal  peduncle.   The  ratio  of 
upper  jaw  to  lower  jaw  length  is  1,3   (This  is  a  comparison  of  the  dis- 
tance from  the  posterior  edge  of  the  maxillary  to  the  tips  of  both  jaws. 

This  species  is  the  smallest  of  the  spearfishes.   The  trunk  is 
conspicuously  compressed  laterally.   The  upper  jaw  is  short.   Toward 
the  caudal  peduncle  the  body  gradually  becomes  cylindrical  in  cross 
section,  and  on  each  side  of  the  caudal  peduncle  there  are  two  keels. 
The  scales  are  bony  and  slender,  and  their  posterior  ends  are  sharply 
pointed  and  buried  in  the  skin.   The  lateral  line,  which  is  clearly 
evident,  follows  a  sonewhat  wavy  course  above  the  pectoral  fin. 
Posterior  to  the  tip  of  the  pectoral  fin  it  runs  in  a  straight  line 
slightly  above  the  median  line  of  the  side  of  the  fish. 
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The  first  dorsal  fin  is  well  developed  with  delicate  raysc   Just 
posterior  to  the  anterior  end  of  the  fin,  which  is  its  highest  portion, 
the  length  of  the  fin  rays  decreases  rather  suddenly^  but  thereafter j, 
in  the  central  portion  of  the  fin,  the  height  of  the  fin  rays  increases 
graduallyo   At  the  posterior  end  of  the  fin,  the  height  of  the  rays 
again  decreases  graduallyo   Consequently^,  the  profile  of  the  first 
dorsal  fin  is  concave  in  its  anterior  portion  and  arcuate  in  its  pos= 
terior  portiono   The  pectoral  fins  are  remarkably  shorty  their  length 
being  about  Oo 8  times  the  body  depths   The  ventral  fins  are  conspicuously 
longer  than  the  pectoral  finso   The  first  anal  fin  is  well  developedo 
The  falciform  second  dorsal  and  anal  fins  are  located  diametrically 
opposite  each  other  and  are  of  approximately  the  same  shape  and  sizoo 
The  caudal  fin  is  large  and  strongj  its  upper  and  lower  lobes  being 
narrow  in  width  but  broadly  forkedo 

There  are  rasp-like  teeth  on  both  the  upper  and  lower  jaws  and 
a  patch  of  slender  brush=like  teeth  on  the  palatinoo   The  cranium  is 
somewhat  longer  and  narrower  than  in  other  specieso   The  vertebrae  are 
long  and  both  the  haemal  and  neural  s  pines  are  roughly  rhomboid  in 
shapeo   The  gonads  are  Y-shaped,  with  the  left  side  longer  than  the 
righto   The  right  gonad  joins  the  left  above  the  vento 

The  dorsal  surface  is  steel  blue  and  the  belly  is  silvery-whiteo 
The  boundary  between  these  two  colored  areas  is  a  rather  distinct^ 
finely  serrated  line  which  runs  straight  along  the  side  of  the  body 
somewhat  above  its  median  linoo 

This  species  occurs  from  Sagami  Wan  southo   It  is  extremely 
pelagic  by  nature j  and  hardly  ever  enters  coastal  sea  areas  or 
enclosed  waters,.   It  is  rather  abundant  from  October  through  December 
in  the  waters  east  of  Formosa^  at  which  time  and  place  it  spawnso 

This  species  attains  a  length  of  lp500  millimeters  and  a  weight 
of  20  kilograms. 

This  fish  has  been  reported  as  a  new  species  by  Professor  Tanaka, 
howeverj  morphologically  it  is  extremely  close  to  To  belone  of  the 
Atlantic  and  To  brevirostris  of  the  Indian  Oceanc   It  is  thought  that 
these  probably  are  all  the  same  species^  but  at  present  it  is  impossible 
to  confirm  thiso 

Genus  Istiophorus  LacepedOs  1802 

Body  long  and  slender ^  markedly  compressed  laterally j;  the  height 
of  the  first  dorsal  fin  much  greater  than  the  body  depths  The  ventral 
fins  are  long  and  their  rays  are  incompletely  fused  togethero 


Figure  19»— Sailfish 
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Nine  species  have  been  reported  for  this  genus,  of  which  five 
occur  in  the  Indo-Pacific  regiono   The  following  single  species  occurs 
in  Japanese  waterso 

Zo      Istiophorus  orientalis  (Temminck  &  Schlegel) 

In  Japanese  bash"ok:a.1ikisi  nor  age  p  hauOp  baren,  oba,  sugiyama,, 

The  first  dorsal  fin  has  44  to  47  rayso   The  first  3  are  spines^ 
the  following  9  have  branched  tips,  and  the  remaining  posterior  rays 
are  again  unbranched  spines o   The  second  dorsal  fin  has  67  soft  rayso 
The  first  anal  fin  has  2  spines  and  11  soft  rays^  and  the  second  anal 
fin  has  6  soft  rays„   The  vertebral  count  is  12  /  12  s  24„ 

The  body  length  is  3o2  times  the  head  lengthy  6,3  times  the 
greatest  body  depth,  and  7„8  times  the  body  depth  at  the  insertion  of 
the  first  anal  fin.   The  head  length  is  lo4  times  the  snout  length, 
and  7o5  times  the  interorbital  space,,   The  length  of  the  snout  is  3 
times  the  length  of  the  head  excluding  the  snout„   The  head  length 
without  the  snout  is  3,,  7  times  the  diameter  of  the  eye,,   The  distance 
from  the  eye  to  the  insertion  of  the  first  dorsal  fin  is  3»8  times  the 
diameter  of  the  eyOo   The  greatest  body  depth  is  4c.  6  times  the  depth 
of  the  caudal  peduncle^   The  length  ratio  of  the  upper  and  lower  jaws 

The  body  is  long  and  slender,  greatly  compressed  laterally,  with 
the  caudal  portion  gradually  becoming  cylindricalo   There  are  keels  on 
each  side  of  the  caudal  peduncleo   The  upper  jaw  is  more  than  twice  the 
length  of  the  lower  jaw,  and  there  are  rasp-like  teeth  on  both  jawso 
The  scales  are  bony  and  slender,  and  almost  completely  buried  in  the 
skino   The  lateral  line  is  simple  and  clearly  visible. 

The  first  dorsal  fin  is  remarkably  developed,  its  height  being 
far  greater  than  the  body  d eptho   The  height  of  the  third  spine  of  this 
fin  is  lo3  times  the  body  deptho   The  following  8  or  9  fin  rays  gradually 
decrease  in  height,  but  thereafter  the  fin  rays  again  increase  in  height 
until  the  14th  or  15th  ray,  where  a  maximum  height  of  over  twice  the 
body  depth  is  attained.   Posterior  to  this  point  the  height  of  the  fin 
decreases  rather  rapidly.   Consequently,  the  outline  of  the  first  dorsal 
fin  is  indented  anteriorly  and  arched  posteriorlyo   The  pectoral  fins 
are  rather  short,  being  0.8  to  0„9  times  the  greatest  body  depth.   The 
ventral  fins  are  well  developed,  their  tips  reaching  to  the  vent.   Their 
rays  are  incompletely  fused  together,  and  consist  of  1  spine  and  2  soft 
rayso   The  first  anal  fin  is  well  developed,  but  is  not  falciform  in 
outline.   The  second  dorsal  and  the  second  anal  fins  are  roughtly 
symmetrical,  being  almost  the  same  shape  and  size.   The  caudal  fin  is 
large  and  strong.   Its  upper  and  lower  lobes  are  narrow,  but  the  angle 
between  them  is  great. 

Palatine  teeth  are  poorly  developed.   The  cranium  is  rather  long. 
The  vertebrae  are  long  and  the  anterior  edges  of  the  neural  and  haemal 
spines  are  somewhat  arched  in  outline.   In  general,  the  neural  spines 
of  the  ventral  vertebrae  are  small,  and  consequently  the  space  between 
spines  is  great. 
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The  dorsal  surface  is  dark  blue  with  a  violet  cast,,  When  the  fish 
is  excited,  violet  patches  appear.   The  belly  of  the  fish  is  of  a 
brownish-grey  colore  and  on  the  sides  of  the  fish  there  are  seventeen 
vertical  stripes  composed  of  cobalt  spotso   Scattered  over  the  dorsal 
fin  are  black  spots  the  size  of  soy  beanso   All  of  the  fins  are  dark 
bluOj  the  caudal  fin  sometimes  having  a  brownish  casto   In  life  the 
body  is  covered  with  a  thick  brown  slimoo   The  flesh  is  reddish  in  colore 

This  species  occurs  from  the  northeastern  coast  of  Japan  southj 
and  is  comparatively  abundant  in  the  Kinan  Sea  Areao   These  fish  spawn 
in  t'ormosan  v/aters  from  April  to  Augusto   Compared  to  other  spearfishes 
this  species  shows  a  conspicuous  tendency  to  enter  coastal  water  areas o 

This  species  attains  a  body  length  of  SjOOO  millimeters  and  a 
weight  of  60  kilogramso 

The  main  points  of  difference  between  this  species  and  lo  gladius 
reported  from  the  Indian  Ocean  area,  are  the  presence  in  gladius  of  a 
number  of  short,  thick  spines  between  the  two  dorsal  fins,  which  are 
absent  in  this  species.,  and  the  smaller  number  of  black  spots  on  the 
dorsal  fin  in  gladius „   In  juvenile  fishes  of  this  family ,  the  dorsal 
and  anal  fins  are  single^  separating  into  two  fins  as  the  fish  develops 
Consequentlyj  it  is  thought  possible  that  at  some  stages  of  development 
there  may  be  some  fin  rays  remaining  at  the  posterior  end  of  the  first 
dorsal  fino   Among  the  species  recorded  by  Jordan  and  Evermann  there 
are  some  which  are  clearly  juveniles,  and  it  is  entirely  possible  that 
the  number  of  species  actually  in  existence  is  less  than  the  number 
reported  by  them^ 

Genus  Kajikia  Nakamurap  1946* 

The  body  is  elongate  and  rather  stout „   The  height  of  the  first 
dorsal  fin  is  slightly  greater  than  the  body  depth  and  the  longest  rays 
form  two  steps  at  the  extreme  anterior  end  of  the  fin„   The  profile  of 
the  anterior  portion  of  the  dorsal  fin  is  indistinctly  concaveo   The 
body  is  covered  with  slender^  bony  scaleso   The  ventral  fins  are  either 
equal  to  or  slightly  shorter  than  the  pectoral  finso   There  are  on  the 
side  of  the  body,  10  or  more  vertical  stripes  fonned  of  cobalt  spotso 
Two  species  occur  in  Japanese  waters. 

Hitherto,  this  genus  and  the  subfamily  Marlinae  have  both  been 
placed  in  the  genus  Makaira^  Laceplde,  1803,   The  original  description 
of  Makaira  is  however^,  extremely  incompletoo   The  species  of  this  genus 
differ  morphologically  from  Makaira  in  many  points,  and  therefore  it 
has  seemed  proper  to  set  up  this  genus  as  a  separate  groupo 


*  Taihoku  Imperial  University^  Memoirs  of  the  Science  Department 
(unpublished)o 
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Key  to  the  Species 

(i)  Size  large,  central  portion  of  first  dorsal  fin  much  less 
than  half  body  deptho   Pectoral  fins  -.ong,  roughly  equal 
to  or  slightly  greater  than  body  depth  _,  . .  o  o  .,mitsukurii 

(2)  Size  small  J  length  of  rays  in  central  portion  of  first 
dorsal  fin  greater  than  half  the  body  deptho  Pectoi  al 
fin  shortj,  less  than  body  depth  o  <.  . .  o  o  „  o  <,  o , ,  o  formosana 

3o   Kaiikia  mitsukurii  (Jordan  and  Snyder) 


Figure  20c  ^-Striped  marlin., 


In  Japanese  ka.ii-ki„  makajikig  nairagi,  nairanbo^  nairageg 
akakahikip  or  akac 

The  first  dorsal  fin  has  37  to  43  rays,  of  which  the  3  most  anterior 
are  spineso   The  succeeding  12  to  15  rays  have  branched  tips,  and  the 
remaining  22  to  25  posterior  rays  are  spinyo   The  first  anal  fin  has  2 
spines  and  12  to  25  soft  rayso   The  second  dorsal  fin  has  6  soft  rays, 
and  the  second  anal  fin  has  6  soft  raySo   The  ventral  fins  have  1  spine 
and  2  soft  raySo   The  vertebral  count  is  12  /  12  s  24o 

The  body  length  is  5  to  5o5  times  the  greatest  body  depth,  about 
r^   times  the  body  depth  at  the  first  anal  fin,  and  2^6  times  the  head 
lengtho   The  head  length  is  1,5  times  the  snout  length  and  about  6  times 
the  distance  between  the  eye  socketSo   The  length  of  the  snout  is  about 
4  times  the  length  of  the  head  excluding  the  snouto   The  head  length 
excluding  the  snout  is  about  4  times  the  diameter  of  the  eyeo   The 
distance  between  the  eye  and  the  insertion  of  the  first  dorsal  fin  is 

4  times  the  diameter  of  the  eye^   The  greatest  body  depth  is  roughly 

5  times  the  depth  at  the  caudal  peduncleo   The  ratio  of  length  of 
upper  jaw  to  lower  jaw  is  I08  to  lo9o 

The  body  is  long  and  slender^  with  the  trunk  conspicuously  com= 
pressed  laterally,  the  caudal  portion  gradually  assuming  a  cylindrical 
form„   There  are  two  keels  on  each  side  of  the  caudal  peduncleo   Body 
depth  is  the  greatest  among  the  species  of  this  subfamily,  and  in 
external  form  this  species  rather  closely  resembles  the  fishes  of  the 
subfamily  Marlinaeo   The  body  is  covered  with  bony,  slender  scales 
which  are  buried  in  the  skin^   The  lateral  line  is  single,  and  it  is 
not  clearly  visible„   The  lower  jaw  is  rather  long,  the  difference  in 
length  between  the  upper  and  lower  jaws  being  slighto 

The  first  dorsal  fin  is  well  developed^  the  length  of  its  longest 
rays  being  somewhat  greater  than  the  body  depth„   The  highest  portion 
of  the  fin  is  divided  into  two  parts,  the  profile  of  the  intei-vening 
portion  of  the  fin  being  more  or  less  concave„   The  profile  of  that 
portion  of  the  fin  immediately  posterior  to  its  longest  rays  decreases 
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in  height  rapidly  and  is  more  or  less  sickle-shaped^  while  the  more 
posterior  portion  decreases  in  height  graduallyo   The  pectoral  fins 
are  well  developed,  their  length  being  lol  times  the  body  depth. 
The  ventral  fins  are  shortj,  their  length  never  exceeding  that  of 
the  pectoral  fins.   The  first  anal  fin  is  also  well-developed,  but 
its  posterior  rays  are  generally  short.   The  second  dorsal  fin  and 
the  second  anal  fin  are  roughly  the  same  shape  and  size  and  are 
located  directly  opposite  each  other.,   Both  lobes  of  the  caudal  fin 
are  narrov^j.  and  the  angle  between  them  is  greats 

Both  jaws  have  rasp=lilce  teethp  but  the  development  of  the 
palatine  teeth  is  poor  and  they  cover  only  a  small  area.   The  gill 
filaments  are  long  and  slendero   The  centra  of  the  vertebrae  are 
longj  and  the  neural  spines  are  also  longr   The  neural  spines  of  the 
abdominal  vertebrae  generally  have  their  anterior  and  posterior  edges 
somewhat  roundedj  their  posterior  tips  are  sharply  pointed,,  and  they 
are  somewhat  foliate  in  shape o 

The  dorsal  surface  is  dark  purple  in  coiorj,  and  the  belly  is 
silvery-whitec   There  are  more  than  10  clears  vertical  cobalt  stripes 
on  the  sides  of  the  body.   The  first  dorsal  fin  is  of  a  bright  cobalt 
cclorj  and  there  are  sometimes  numerous  dark  blue  spots  on  the  lower 
part  of  its  highest  portion,,   The  other  fins  are  generally  a  dark 
blue  in  colore   The  flesh  is  of  the  so-called  ''spearfish-color"£i  and 
is  delicious  when  eaten  rawo 

This  species  is  brcadljr  distributed  south  of  the  northeast 
coast  region  of  HonshiTo   In  the  area  in  which  the  Kuroshio  originates ^ 
this  species  is  next  to  the  white  marlin  in  terms  of  numbers „   The 
peak  of  the  spawning  season  for  this  species  in  Formosan  waters  is 
Mayo 

These  fish  attain  a  body  length  of  3,000  millimeters  and  a 
weight  of  100  kilograms ^  howeverp  ordinarily  fish  of  40  to  60  kilo= 
grams  are  most  commono 


Kallkia  formosana  Nakamura 


Closely  resembles  Kc  mitsukurii  in  formo   In  this  specieSj,  how^ 
ever J  the  pectoral  fins  are  shorter  and  the  rays  posterior  to  the 
middle  part  of  the  first  dorsal  fin  are  longero   The  length  of  the 
pectoral  fins  is  roughly  Oc85  times  the  body  depths   The  rays  of  the 
middle  part  of  the  first  dorsal  fin  are  somewhat  longer  than  l/2  the 
body  depthe   Consequently^  the  profile  of  the  first  dorsal  fin  some- 
what resembles  that  of  Tetrapturus  angustirostriSc 

A  species  very  closely  resembling  this  one  has  been  reported  from 
the  Hawaiian  area  by  Jordan  and  Evermanno   They  assigned  this  species 
to  the  genus  Tetrapturus  on  the  basis  of  the  form  of  the  first  dorsal 
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fin  and  the  pectoral  finSj  and  gave  it  the  name  T^  ectenes  or  the  slender 
spearfisho   It  is  thought  that  these  two  species  are  probably  one  and 
the  same^  howeverp  they  appear  to  differ  in  a  numbs/  of  characters  and 
therefore,  pending  future  investigation^  they  are  he-f  recorded  as 
separate  species,,   Furthermore^  it  is  thought  that  Jordan  and  Bvermann's 
assignment  of  the  species  to  the  genus  Tetrapturus  should  obviously  be 
corrected^ 

Subf ami ly  Marlinae 

The  body  is  elongated  but  conspicuously  stoutp  and  the  body  depth 
is  generally  greato   The  greatest  height  of  the  first  dorsal  fin  is 
less  than  the  body  depths  and  the  height  of  the  fin  gradually  decreases 
posteriorlyo   The  ventral  fins  are  shorter  than  the  pectoral  fins. 
Vertical  stripes  may  or  may  not  be  present  on  the  sides  of  the  bodyo 
The  vertebral  count  is  11  /  13  s  24. 

The  species  of  this  subfamily  show  marked  differences  in  size  by 
sex,  the  males  generally  being  smaller  than  the  females.   Furthermore, 
the  sexes  differ  with  regard  to  the  season  at  which  they  migrate  into 
various  areas,  and  consequently,  the  sizes  of  fish  which  are  taken  at 
different  seasons  vary  remarkablyo   HithertOj  the  species  of  this  sub- 
family have  been  lumped  together  with  those  of  Kajikia  in  the  genus 
Makairap  bat  because  of  their  marked  morphological  differences,  they 
have  been  separated  and  set  up  as  a  new  subfamily,, 

Key  to  the  Genera 

lo   The  pectoral  fin  fonns  a  right  angle  with  the  side  of  the 

body,  and  cannot  be  folded  against  the  body  without  breaking 
the  jointo   No  vertical  stripes  on  the  side  of  the  bodyo   A 
simple  lateral  linoo   The  air  bladder  is  foam-like,  with 
several  layers  of  small  chambers,  the  whole  enclosed  within 
a  thick  membrane  ,...o.oo..oooo<,ooo<,ooo<.oooo  Genu s  Marlina 

2„   The  pectoral  fins  can  be  readily  folded  back  against  the 

side  of  the  bodyo   Vertical  stripes  are  present  on  the  sides 
of  the  bodyo   The  lateral  line  is  complexo   The  small 
chambers  of  the  air  bladder  are  generally  arranged  in  a 
single  layer,  and  the  membrane  which  covers  its  outside 
is  not  particularly  well  developed  o.oo  <>....•  Genus  Bumakaira 

Genus  Marlina  Nakamura 

The  pectoral  fins  form  roughly  a  right  angle  with  the  sides  of 
the  body,  and  cannot  be  folded  back  against  the  sides  of  the  body 
without  destroying  their  jointso   The  construction  of  the  air  bladder 
is  peculiar,  being  a  bubble-like  mass  of  small  chambers  arranged  in 
several  layers,  the  outside  of  the  whole  mass  being  enclosed  in  a  thick 
membrane.   The  lateral  line  is  singleo   There  are  no  vertical  stripes 
on  the  sides  of  the  bodyo   The  following  single  species  occurs  in 
Japanese  waters o 
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5o   Marlina  marlina  (Jordan  and  Hill) 

In  Japanese  shirokawaj  shiromazaara;  genba^  katahari  ^  or 
shirokajiki- 


Figure  21o— White  marlino 


First  dorsal  fin  has  36  to  40  rays,  of  which  the  first  three  are 
spines s  the  following  10  to  12  have  branched  tips^  and  the  remaining 
posterior  rays  are  again  spines.   The  second  dorsal  fin  has  7  soft  raySo 
The  first  anal  fin  has  2  spines  and  10  to  11  soft  rays.   The  second  anal 
fin  has  7  soft  raySo   The  ventral  fins  have  1  spine  and  2  soft  raySo 
The  vertebral  count  is  11  /  13  s  24, 

The  body  length  is  about  2c B  times  the  head  length,  4^5  times 
the  greatest  body  depth,  and  about  6  times  the  body  depth  at  the  first 
arial  insertiono   Head  length  is  lo5  times  snout  length-,  and  5c 8  times 
the  space  between  the  eye  socketso   The  length  of  the  snout  is  2o3  times 
the  head  length  excluding  the  snouto   The  head  length  excepting  the 
snout  is  4c 3  times  the  diameter  of  the  eyeo   The  distance  between  the 
eye  and  the  insertion  of  the  first  dorsal  fin  is  4„3  times  the  eye 
diametero   The  greatest  body  depth  is  6.1  times  the  depth  of  the  caudal 
peduncle o   The  ratio  of  the  length  of  upper  to  lower  jaw  is  lo9o 

The  body  is  elongatedo   It  is  rather  conspicuously  compressed 
laterally,  the  body  depth  is  great,  and  the  projection  of  the  dorsal 
profile  at  the  anterior  end  of  the  first  dorsal  fin  is  conspicuous,  for 
which  reason  it  is  sometimes  called  katahari  (broad-shoulder)o   The 
caudal  region  gradually  becomes  cylindrical  in  form,  and  there  are  two 
keels  on  each  side  of  the  caudal  peduncleo   The  snout  is  rather  short 
and  somewhat  compressed  dorse -ventral  ly..   The  body  is  covered  with 
slender  bony  scales  which  are  buried  in  the  skinc   The  lateral  line, 
which  is  simple,  is  extremely  difficult  to  see,  but  it  is  presents 

The  highest  portion  of  the  first  dorsal  fin  is  at  its  fifth  ray^, 
but  it  is  far  less  than  the  body  depth,  the  body  depth  being  roughly 
1„6  times  the  height  of  the  first  dorsal  fino   Posterior  to  the  sixth 
ray  the  dorsal  fin  gradually  decreases  in  height,  and  the  rays  posterior 
to  its  central  part  are  extremely  lowo   The  pectoral  fins  are  well 
developed i,  falcately  curved,  forming  a  right  angle  with  the  side  of 
the  bodyo   They  cannot  be  folded  back  against  the  sides  of  the  body 
without  breaking  their  joints o   Their  length  is  roughly  equal  to  the 
body  deptho   Because  of  this  peculiarity,  this  species  is  called  in 
Formosan  Chinese  the  "Standing  Wing  Spearfisho"  The  ventral  fins  are 
remarkably  smallo   The  first  anal  fin  is  well  developed;,   The  second 
dorsal  and  anal  fins  are  roughly  of  the  same  shape  and  equal  size,  and 
are  located  symmetrically  with  respect  to  one  another,,   Both  the  upper 
and  the  lower  lobes  of  the  caudal  fin  are  narrow  and  they  are  broadly 
forkedo 
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The  teeth  in  both   jaws   are  rasp-likOj    and  the  palatine  teeth  are 
vestigialo      The  branchiostegals   are   rather  broad^    particularly  the  most 
posterior,   which  are  triangular  in  shapeo      The  pectoral   girdle  is 
broad,   and  the   surface  for  articulation  with  the   projection  of  the 
coracoid  is    twisted   into   a  nearly  horizontal   position^      The   centra  of 
the  vertebrae  are   rather   short  and  thicks    and  both  the  neural   and   haemal 
spines  are  remarkably  long,    being  arranged  more   or   less   in  echelono 
The  neural   spines   of  the  abdominal  vertebrae  are  broad  and  their  anterior 
edges   are   curved,    but  they  do   not  differ   conspicuously  in  form  from  those 
of  the   caudal  vertebrae. 

The  dorsal   surface  is   steel-blue  with  a  blackish   cast,    and  the 
belly  is  white.      In  life  there  is   a  steely-blue  slime,   but  the  overall 
coloration  is   close  to  a  milky-whiteo      There   are   no  vertical   stripes 
on  the   sides   of  the   bodyo      The   first  dorsal   fin  and  the   first  anal   fin 
are  a  beautiful   cobalt   color,   but  when  exposed  to  the  air  for  a  long 
time,   they  become  dark  blue.      In  many  cases ^    there  are  a  number  of   round 
dark  blue   spots   on  the  highest   portion  of  the   first   dorsal   fine.      The 
other   fins   are   all   dark  blue  in  colore      The   flesh  is   of  the  so-called 
"spearfish  color",    and  is   delicious  when  eaten  raw„      Fish  taken  in 
Japanese  waters  during  the  winter  are   said  to  b e   somewhat   inferior   in 
flavor^ 

This   species   occurs  widely  throughout  the  warm  s  eas   of  the 
Pacific  and   Indian  Oceans   and  the   northern  limit  of  its   distribution 
in  Japanese  v.'^aters   is    said  to   be  off  the   Sanriku   region   (Northeastern 
Honshu")Q      This  fish  attains   a  body  length  of   3,500  millimeters   and  a 
weight  of   570  kilogramso 

Because  the   structure  of  the  pectoral   fins   and  the  form  of  the 
air  bladder  differ   completely  from  all   other   species,   this   species   has 
been  placed   in  a  new  genus,      Jordan  and  Hill  have  recorded  no   comments 
on  the   peculiar  form  of  the  pectoral   fins,   but  in  the  photograph  of 
their  type   specimen  this  peculiarity  is   clearly  apparent. 

Genus   Eumakaira  Nakamura 

The  pectoral   fins    can  be  readily  folded  back  against  the   sides   of 
the  body.      The  body  is   remarkably  stout   and  the   degree  of   lateral   com- 
pression is   slighto      The   lateral   line  is    complex   in  form,    dividing  near 
its   anterior  extremity,    joining  again  approximately  below  the   10th   ray 
of  the  first   dorsal   fin,    dividing  again,    joining  at   a  point  below  the 
15th  to  17th  dorsal  rays,   thereafter  dividing  again,    and   joining  again 
below  the  30th  to   33rd  dorsal   rayso      Posterior  to  this   point  the   line 
runs    straight,    but   it  is   extrem.ely  obscure.      The  following   single 
species   occurs   in  Japanese  waters. 
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6o   Bumakaira  nigra  Nakamura 

In  Japanese  Kurokajiki  or  kurokawao 

Figure  22o— Black  marline 


The  first  dorsal  fin  has  40  to  46  rays^  the  first  3  of  them 
spinesg  the  following  14  to  16  rays  with  branched  tips,-  and  the 
remaining  posterior  rays  spinouso   The  second  dorsal  fin  has  7  soft 
rayso   The  first  anal  fin  has  2  spines  and  14  soft  rayso   The  second 
anal  fin  has  7  soft  rays.   The  ventral  fins  have  1  spine  and  2  soft 
raySo   The  vertebral  count  is  11  /  13  s  24o 

Body  length  is  2.8  times  the  head  length,  4.,  6  times  the  greatest 
body  depthj  and  5=7  times  the  body  depth  at  the  insertion  of  the  first 
anal  fin.   The  head  length  is  about  lo5  times  the  snout  length  sind 
about  5o 7  times  the  interorbital  spaceo  The  snout  length  is  2o5  times 
the  length  of  the  head  excluding  the  snouts   The  length  of  the  head 
excluding  the  snout  is  about  4  times  the  diameter  of  the  eye,,   The 
distance  between  the  eye  and  the  insertion  of  the  first  dorsal  fin  is 
4o2  times  the  diameter  of  the  eyeo   The  greatest  body  depth  is  5o9 
times  the  depth  of  the  caudal  peduncle,,   The  ratio  of  length  of  upper 
to  lower  jaw  is  2o2 

The  body  is  elongatedo   The  body  depth  is  great i,  the  degree  of 
lateral  compression  is  slight <,  and  the  caudal  region  is  almost  cylindri  = 
cal  in  shape.   The  body  depth  at  the  insertion  of  the  first  dorsal  fin 
is  comparatively  greater  than  in  other  specieso   There  are  two  keels  on 
each  side  of  the  caudal  peduncleo   As  the  upper  jaw  is  rather  long  and 
the  lower  jaw  is  short,  the  head  tapers  sharply  to  a  pointo   The  gill 
membranes  are  short „  The  body  is  covered  with  bony„  slender  scales 
buried  in  the  skinc   The  lateral  line  is  extremely  obscure j  and  of  the 
complex  form  described  under  the  characteristics  of  the  genusn   The 
longest  ray  of  the  first  dorsal  fin  is  the  5tho   Its  height  is  con= 
spicuously  less  than  the  body  depth,  the  body  depth  being  lo5  times 
the  height  of  the  first  dorsal  fin.   Posterior  to  its  6th  ray,  the 
first  dorsal  fin  gradually  decreases  in  height j,  and  its  posterior  rays 
are  extremely  shorto   The  pectoral  fins  are  well  developed,  hardly  at 
all  falcate,  and  their  length  is  roughly  equal  to  the  body  depth.   The 
ventral  fins  are  poorly  developed  and  shorter  than  the  pectoral  finso 
The  first  anal  fin  is  rather  well  developedo  The  second  dorsal  fin  and 
the  first  anal  fin  are  almost  the  same  shape  and  size^  and  are  located 
approximately  opposite  each  other^   Both  lobes  of  the  caudal  fin  are 
narrow,  and  the  angle  formed  by  them  is  greato 

Both  jaws  have  rasp-like  teeth,  but  the  palatine  teeth  are 
vestigial o   The  branchiostegals  are  rather  shortc   The  vertebrae  are 
rather  short,  and  the  neural  and  haemal  spines  are  conspicuously 
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elongated,   their  anterior  margins  being  rounded  and  their  posterior 
margins   somewhat   concave  with  the  posterior  point   sharpo      The  neural 
spines   of  the  abdominal  vertebrae  are  arranged  roughly  m  echelono 

The  dorsal    surfaces   are   dark  purplish-blue,   while  the  ventral 
surfaces   are  rather  brownish,   but  the  overall   color  is   blackish.      The 
scales   come   off  more  easily  than  in  other   species,    and  where  they  are 
removed  the  coloration  of  the   fish  is  browno      The   first  dorsal   and^ 
first  anal  fins   are  cobalt  in  color,   but  when  exposed  for  a  long  time 
to   the   air,    they  become   dark  blueo      In  extremely  rare   cases,   there   are 
a  number  of  dark  blue   round   spots   on  the  highest  portion  of  the  first 
dorsal   fino      All   of  the  other   fins   are   dark  blue   in  colore      There   are 
a  number  of  vertical  stripes   of   cobalt  color  on  the    sides   of  the   body. 
The  flash  is   of  the   so-called   "spearfish  color",    and   in  early  spring 
the   fat   content   is   high  and  the   flesh  is  particularly  deliciouso 

This    species   is  widely  distributed  in  the  warm  seas    of  the 
Pacific   and  Indian  Oceans,    and  appears  to  be   generally  abundant  in 
the  Equatorial   Current   and  the  Kuro shiOo      The  peak  of  its   spawning 
season  in  f'ormosan  waters   is   in  Juneo 

This    species   is   second  in  size  to  the  white  marlin,   Marlina 
marlina,    and  attains    a  body  length  of   3,000  millimeters   and   a 
weight   of   500  kilogramso 

The   author  has   previously  reported  this  species   as  Makaira  mazara 
(Jordan  and  Snyder),    but   in  the  original  description  of  M^   mazara  there 
is   no  mention  made  of  the   peculiar  form  of  lateral   line  which  is   found 
in  this    specieso      Furthermore,   the  photograph  of   Jordan  and  Evermann's 
type   of  M,    mazara  clearly  differs    from  E_o    nigra  as   described  here,    and 
is   eithe~identical  with   or   extremely  close  to  Kajikia  mitsukuriio 
The  new  genus   has   been  established  and  this    fish  has  been  reported  as 
a  new  species   on  the  basis  of  these   facts. 


Fiunily  Xiphiidae 

The   body  is    elongate,    but  there  is   hardly  any  lateral   compressiono 
There  is   one   large  keel   on  each   side  of  the   caudal   peduncle.      The   scales 
disappear  in  the  adult  fish,   but  the   skin  in  the  pectoral    region  is 
coarse  and  has   soraev/hat  the  feel   of   shark  skino      Teeth  are   present  in 
juvenile   specimens,    but   these  too   disappear  in  the   adult  fish.      The 
dorsal  and   the  anal   fins  are  both   single,    continuous   fins   in  Juvenile 
fish,    however,    in  adult   fish  each   is    divided  into  two  fins   separated  by 
a  large   spaceo      There  is  no  trace  of  ventral   fins.      The   snout   is   long^ 
with  the   form  of  a  two-edged  sword,    and   there  is  no   predentary  bone   at 
the  tip  of  the   lower   jaw. 

There  is  one   genus    (Xiphias   Linnaeus t,    1758)  containing  one   species. 
It  is   of  cosmopolitan  distribution  in  the   tropical   and  temperate   seas 
of  the  whole  world,    and  occasionally  appears  in  waters   of   rather  high 
latitudes, 
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7o   Xiphias  stadias  Linnaeus 

In  Japanese  tsun^  kajikitoshij  shutome,  or  mekajiki 

Figure  23o --Broadbill  swordfish 


The  first  dorsal  fin  has  38  to  40  rays^  the  3  most  anterior 
being  spines,,  the  following  9  rays  with  branched  tips,  and  the 
remaining  posterior  rays  are  all  spineso   The  second  dorsal  fin  has 
4  soft  rayso   The  first  anal  has  2  spines  and  7  soft  rays,.   The  second 
anal  fin  has  4  soft  raySo 

Body  length  is  lo8  times  the  head  lengthy  5o2  times  greatest 
body  depths  about  6  times  the  depth  of  the  body  at  the  insertion  of 
the  first  dorsal  fin,  and  lo4  times  the  head  length  excluding  the 
snouto   The  head  length  excluding  the  snout  is  3^7  times  the  eye  dia- 
metero   The  interorbital  space  is  about  twice  the  eye  diameter  and 
the  distance  between  the  eye  and  the  insertion  of  the  first  dorsal  fin 
is  about  3,4  times  the  eye  diametero   The  greatest  body  depth  is  7  to 
7,5  times  the  depth  of  the  caudal  peduncle^,  and  lc3  times  the  length 
of  the  pectoral  finso   The  length  ratio  of  the  upper  to  the  lower  jaw 
is  about  3o  8o 

The  body  is  elongatedj  but  there  is  hardly  any  lateral  compres- 
siono   The  profile  of  the  dorsal  surface  anterior  to  the  insertion  of 
the  first  dorsal  fin  does  not  project  as  conspicuously  as  in  the  fishes 
of  the  family  Istiophoridaeo   There  is  one  large  keel  on  each  side  of 
the  caudal  peduncleo   For  this  reason,  when  the  caudal  peduncle  is 
viewed  from  abovep  it  appears  conspicuously  flattenedo   In  the  juvenile 
stages  the  fish  has  bony  scales  which  disappear  in  adult  specimensp 
however,  the  skin  in  the  pectoral  region  is  coarse  and  has  the  feel  of 
shark  skino 

The  height  of  the  first  dorsal  fin  is  roughly  equal  to  the 
greatest  body  deptho   Posterior  to  the  fifth  dorsal  ray^,  the  height  of 
the  fin  decreases  rapidly,  and  from  about  the  vicinity  of  the  20th  ray 
posteriorly,  the  fin  rays  hardly  project  above  the  surface  of  the  bodyo 
The  second  dorsal  fin  is  well  separated  from  the  first  dorsal  finj  and 
is  composed  of  4  small,  soft  rayso   The  pectoral  fins  are  placed  low 
and  are  rather  short,  being  Go  8  times  the  greatest  body  deptho   Ventral 
fins  are  p.on=exi stent.   The  first  anal  fin  is  of  moderate  sizeo   The 
second  anal  fin  and  the  second  dorsal  fin  are  roughly  the  same  shape 
and  sizeo   Both  the  upper  and  lower  lobes  of  the  caudal  fins  are  narrow 
and  broadly  forked^,  however,  the  angle  formed  bj'-  them  is  smaller  than 
in  the  case  of  the  Istiophoridaeo 

The  upper  jaw  is  remarkably  long,  being  more  than  7/lO  the  length 
of  the  remainder  of  the  bodyo   It  has  the  form  of  a  two-edged  sword 
blade,  and  is  hollow  with  occasional  septao   The  lower  jaw  is  short  and 
rather  slender,  and  there  is  no  predentary  bone„   The  vertebral  count 
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is  6  /  10  ii  26o   The  neural  and  haemal  spines  have  the  form  of  spines 
rather  than  of  flat  plateso   Both  the  neural  and  haemal  projections  are 
narrow  and  their  length  does  not  exceed  that  required  to  support  the 
immediately  preceding  neural  and  haenml  spines,.   The  form  of  the  ver- 
tebrae is  conspicuously  different  from  that  of  the  fishes  of  the  family 
Istiophoridaeo 

The  dorsal  surfaces  are  dark  blue  with  a  brownish  casto   The 
ventral  surfaces  are  white  and  rather  yellowisho   All  of  the  fins  are 
dark  blue  in  colore   The  flesh  is  a  pale  pinko 

This  species  is  widely  distributed  throughout  the  warm  seas  of 
the  wo rid o 


IIIo  FISHEIRY 

Among  the  fisheries  which  have  the  tunas  and  spearfishes  as  their 
objectj  net  fishing  with  gill  nets  and  encircling  nets  and  hook  and  line 
fishing  with  trolling  lines^,  poles  and  linesj,  and  longlines  are  carried 
ono   Another  special  type  of  fishing  which  is  earned  on  is  that  using 
the  harpoono   Each  of  these  types  of  fishery  has  its  special  charac- 
teristics, and  each  has  an  important  significance  in  one  area  or  another^ 
Among  themj  however »  the  longline  fishery  can  be  considered  the  most 
importantj,  both  in  terms  of  the  scale  on  which  it  is  prosecuted  and  its 
widespread  charactero 

A  description  of  the  gear  and  methods  employed  in  each  of  these 
fisheries  is  not  the  objective  of  the  author  in  the  present  bookj,  so 
it  will  be  omitted^  and  the  discussion  will  be  limited  to  a  description 
of  the  characteristics  and  various  problems  of  the  longline  fishery  as 
representative  of  the  tuna  fisheries o 

Bo   Characteristics 

When  a  general  comparison  is  made  between  the  so-called  surface 
fisheries  J  which  have  the  tunas  and  bonitos  as  their  object,  'and  the 
bottom  fisheries  J  it  is  apparent  that  there  are  a  number  of  marked 
differences  between  the  twOp  although  they  are  spoken  of  inclusively 
as  the  deep  sea  fisherieSo 

In  the  first  place j,  they  differ  as  to  the  type  of  enterprise 
which  operates  in  themj  hitherto  the  surface  fisheries  have  been 
chiefly  prosecuted  by  individual  entrepreneurs  with  comparatively 
small  capitals  while  the  bottom  fisheries  have  been  carried  on 
almost  entirely  by  corporations  with  large  capitalo 

The  second  point  of  difference  is  in  fishing  gear  and  methodSo 
In  the  surface  fisheries  hook  and  line  gear  is  of  primary  importance^ 
while  net  fishing  is  the  principal  method  employed  in  the  bottom 
f isherieso 
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There  are  probably  various  other  differences  which  might  be 
citedj  but,  if  we  consider  the  origin  of  these  differences,,  they 
are,  after  allj,  based  on  the  characteristics  of  thu  resource  which 
each  of  these  fisheries  has  as  its  objoct.   The  essential  cha= 
racteristics  of  the  resource  aroj  in  the  final  analysis^  ascnbable 
to  the  environment 5  that  is,  to  differences  in  the  character  of  the 
waters  and  the  adaptability  of  the  fishes. 

First  of  all  let  us  add  some  considerations  relating  to  the 
first  point  of  difference,  that  iSj,  the  difference  in  the  type  of 
enterprises 

The  surface  fishes  are  possessed  of  great  mobility  and  migrate 
widely  in  the  oceanso   Various  explanations  of  the  causes  and 
courses  of  these  migrations  are  put  forward,  but,  because  of  the 
presence  of  numerous  elements  of  difficulty  in  the  study  of  these 
phenomena,  knowledge  which  might  contribute  directly  and  appropriately 
to  the  operation  of  the  fishery  is  as  yet  almost  totally  lackingo 
For  this  reason  it  is  difficult  to  forecast  the  results  of  fishing 
without  actually  going  to  the  fishing  grounds  and  operating  there. 
In  the  case  of  the  bottom  fisheries  such  forecasts  can  already  be 
made  with  some  accuracyo   In  other  words,  the  surface  fisheries 
can  be  said  to  be  inferior  to  the  bottom  fisheries  in  stability 
or  susceptibility  of  planningo   This  low  degree  of  operational 
planability  and  the  low  catch  efficiency  described  below  have  pro- 
bably been  the  most  important  causes  operating  to  curb  the  desires 
of  capitalists  to  invest  in  these  fisheries  in  the  pasto   Besides 
these  reasons,  the  surface  fisheries  do  not  require  a  great  deal  of 
material  as  compared  with  the  bottom  fisheries,  and  so  it  is  com- 
paratively easy  to  enter  such  a  fishery  with  small  capitals   This 
has  probably  been  a  powerful  cause  for  the  prevalence  of  individual 
enterprise  in  the  fishery^ 

In  recent  years  tuna  longline  fishing  grounds,  principally  for 
yellowfin,  have  been  developed  in  tropical  waters,  the  planability 
and  stability  of  the  fishery  have  been  greatly  increased,  and  the 
advance  of  big  capital  into  this  field  has  been  brought  abouto   This 
is  the  so-called  mothership-type  tuna  fishery. 

The  initiation  and  development  of  the  mothership-type  tuna 
fishery  before  the  second  World  War  cannot,  however,  be  fairly 
ascribed  simply  to  the  above-mentioned  improved  planability  and 
stabilization  of  this  fisheryo   It  is  an  undeniable  fact  that  it 
reflected  the  economic  conditions  which  obtained  in  Japan  at  that 
timoo   That  is,  the  strengthening  of  controls  on  the  use  of  materials 
employed  in  the  fishery,  particularly  fuel,  made  single  vessel 
operations  remarkably  difficult,  and  mothership-type  tuna  fishing 
was  devised  as  a  measure  for  overcoming  these  circumstanceso 
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TOiatever  the  causes  may  have  beeiij  the  fact  remains  that  the 
change  over  from  single  vessel  to  mother ship -type  operation  was  a 
great  stride  forward  in  the  tuna  longline  fisheryo   And  it  may 
prove  to  have  been  an  essential  stage  in  the  path  of  development  of 
this  fisheryo 

So  consideredj  the  tuna  longline  fishery,  compared  to  the 
bottom  fisheries,  can  be  thought  to  be  in  its  youth  or  in  a  pri- 
mitive stage  of  developmento   If  this  view  is  correctj  it  must  mean, 
on  the  other  hand,  that  the  tuna  longline  fishery  has  many  unexploited 
fields  which  will  be  greatly  developed  in  the  futureo 

If  we  look  at  conditions  since  the  war,  we  see  that  the  tuna 
longline  fishery,  through  the  establishment  of  a  number  of  large 
and  small  so-called  "new"  fishing  companies^,  and  especially  through 
the  advance  into  this  fishery  of  the  Nichiro  Fishing  Company,  which 
was  prominent  for  many  years  in  the  fisheries  in  northern  waters, 
has  become  quite  suddenly  the  bright  star  of  the  Japanese  fishing 
industryo   This  situation  does  not,  however,  necessarily  represent 
an  essential  stage  in  the  development  of  this  fishery^   It  is, 
rather^  in  large  measure  something  made  unavoidable  by  the  res- 
trictions of  various  kinds  under  which  Japanese  fisheries  have 
been  placed  during  the  Occupation,  and  it  also  partakes  to  a  large 
extent  of  the  nature  of  an  emergency  measure  taken  in  the  face  of 
the  great  general  overturn  in  the  Japanese  economy„   Accordingly, 
one  cannot,  unfortunately,  deny  the  impression  that  at  bottom  it 
still  retains  an  element  of  instability„ 

As  to  the  second  point,  the  differences  in  fishing  gear  and 
methods 5,  they  may,  after  all,  be  ascribed  to  the  marked  differences 
of  environment  and  habits  of  the  fishes  soughto 

In  the  open  sea,  where  the  depth  of  the  water  attains  to 
several  thousand  meters,  there  is  absolutely  no  place  for  the 
establishment  of  a  trawl  fishery.   Seines  and  gill  nets,  too, 
require  many  conditions  for  their  use,  and  they  cannot  be  operated 
at  just  any  time  or  any  placeo   Therefore  under  present  conditions, 
except  in  sea  areas  which  offer  certain  particular  characteristics, 
the  establishment  of  net  fisheries  for  tuna  cannot  be  considered„ 
This  is,  however,  a  view  based  on  present  conditions,  and  in  case 
in  the  future  a  method  is  devised  for  causing  fish  to  concentrate 
within  a  small  area  by  means  of  special  kinds  of  light  rays,  sound 
waves,  or  the  like,  the  establishment  of  a  net  fishery  will  become 
by  no  means  impossibleo 

Stated  in  an  extremely  general  sense,  net  fisheries  are  a 
great  deal  more  efficient  than  hook  and  line  fisheries^   The 
obviousness  of  this  is  witnessed  by  the  common  saying  "Net  —  rich 
mani  line  --  beggar,"  For  example,  according  to  prewar  statistics, 
the  catch  per  ton  of  fuel  oil  consumed  was  5-6  tons  in  the  trawl 
fishery  and  around  2-3  tons  in  the  tuna  longline  fishery„   This 
high  catching  efficiency,  considered  only  from  the  point  of  view 
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of  the  entrepreneurp  is  advantageous  and  desirables  but  looked  at 
from  the  broad  standpoint  of  overall  production,  it  would  be  hard 
to  say  that  it  is  always  necessarily  advantageous  or  desirabloc 
The  more  efficient  the  fishing  method  becomes ^  the  greater  is  the 
danger  of  its  effectiveness  surpassing  the  reproductive  potential 
of  the  fishc   In  other  words ^  there  arises  a  danger  of  a  decline 
in  the  resource  itself „   Such  a  tendency  toward  a  decline  in  the 
resource  was  already  rather  clearly  apparent  in  the  trawl  fishery 
before  the  war^  and  measures  to  protect  the  resourcej  such  as 
limitations  on  the  number  of  vessels  and  the  establishment  of  pro- 
hibited areaSj,  were  being  devised,,   The  marked  decline  in  the 
bottom  fish  resources  of  Japanese  coastal  waters  since  the  war  is 
a  good  example  of  this  phenomenono 

Table  5 

Comparison  of  Catches  in  the  Trawl  Fishery 
(statistics  from  Ministry  of  Agric,  and  Forestry) 


Year 

Catch   (kan)* 

Index 

1926 

12,149o207 

73 

1930 

16,638o505 

100 

1931 

15,720o414 

94 

1932 

15pl46o358 

91 

1933 

13,427„134 

80 

1934 

13p787o940 

80 

1935 

14,257„940 

81 

1936 

13s886o917 

80 

1937 

13,  3B0c,415 

80 

1938 

10, 072 o 302 

60 

1939 

9,709o846 

58 

1940 

9, 002c 069 

54 

*  1  kan  equals  8o27  IbSo 

Notes   The  sudden  decline  from  1938  on  was  due  to  the 
Si  no  "-Japanese  waro 

As  has  been  shown,  the  longline  fishery  is  the  main  part  of 
the  tuna  fisheryo   If  we  consider  the  catch  by  nets  as  a  solid  bodyj 
the  catch  by  longline  is,  by  comparison,  a  line,  or  rather,  a  dotted 
lineo   In  recent  years  the  tuna  longline  fishery  has  come  to  be 
prosecuted  on  a  remarkably  large  scale,  with  large  vessels  in  some 
cases  operating  as  much  as  300  -  350  baskets  of  gear  at  a  timeo 
Since  the  length  of  the  main  line  in  one  basket  is  about  300  meters, 
the  total  length  of  the  gear  comes  to  about  90  kilometersc   This  is 
done  on  the  chance  that  some  part  of  the  line  will  encounter  a  school 
of  fish,  but  the  gear  itself  remains,  as  before,  a  dotted  lineo 
P\irthermore,  in  this  fishery  the  catch  is  limited  to  fish  which  have 
already  grown  to  quite  a  large  sizeo   Knowledge  concerning  the  larval 
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and  juvenile  forms  of  the  tunas  is  extremely  poor,  and  hardly 
anything  is  knovm  about  their  ecologyo   Consequently  they  are  not 
the  object  of  a  fishery  at  alio   Even  if  their  ecology  were  made 
clearly  knownp  it  cannot  be  thought  that  a  fishery  would  grow  up 
which  would  make  the  larval  and  juvenile  fish  its  objectiveo   After 
alls,  it  is  possible  to  think  of  fishing  as  a  sort  of  thinning  out 
of  a  crop.   In  actuality j,  up  to  the  present  the  tunas  seem  to  show 
absolutely  no  evidence  of  overfishing^   The  yearly  variations  m 
the  catch  are  thought  to  be  caused  mainly  by  changes  in  oceanographic 
conditions o  We  know  of  absolutely  no  data  that  would  show  that 
cessation  of  fishing  had  any  effect  upon  the  population  of  these 
fisheso 

In  order  to  afford  a  contrast  with  table  5j  some  tuna  catch 
statistics  are  given  in  table  6„ 

Table  6 

Comparison  of  Tuna  Catches^,  Including  Spearfishes 
(statistics  of  the  Ministry  of  Agriculture  and  Forestry) 


Year 

Catch   (kan) 

Index 

1926 

12,247o074 

100 

1930 

12,234„290 

100 

1931 

17,766o043 

145 

1932 

16,398ol00 

134 

1933 

17,253o381 

141 

1934 

16,015=738 

131 

1935 

18p787o228 

154 

1936 

20, 642 o 541 

168 

1937 

16,92?c320 

136 

1938 

15p743o556 

129 

1939 

23,285.086 

190 

1940 

23„389c231 

191 

If  this  table  is  compared  with  table  5j,  it  will  be  noted  that 
the  variations  in  the  amount  of  the  catch  from  year  to  year  are 
greato  In  spite,  however^  of  these  marked  variations,  there  is 
clearly  a  general  tendency  for  the  catch  to  increase  gradually..   It 
is  to  be  regretted  that  the  number  of  vessels  engaged  in  the  fishery 
is  not  accurately  known,  but  if  the  assumption  is  made  that  the  boats 
working  in  the  skipjack  fishery  all  engage  in  the  tuna  fishery  during 
the  winter^  we  get  approximately  the  following  situationo 
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Table  7 


Number  of  vessels  engaged  in  the  tuna  fishery 
(Compiled  by  the  Oceanic  Fisheries  Association, 
based  on  conditions  in  the  Japanese  fishery) 

Year        Number  of  Vessels        Tonnage 


1932 

98o2 

95o8 

1933 

88c  3 

95=9 

1934 

86o6 

113o3 

1935 

lOOoO 

116„7 

1936 

114o8 

131„8 

Notes?   (l)  These  are  index  figures  with  1931 
as  lOOo 
(2)  The  number  of  vessels  in  1938  was 
about  1,100c 

Comparing  tables  6  and  7  it  seems  that  the  rate  of  increase 
of  the  number  of  vessels  employed  and  the  rate  of  increase  of  the 
catch  roughly  parallel  each  othero   If  this  is  really  the  casej 
this  fact  must  be  said  to  be  of  extreme  importanceo   For  it  means 
that  although  the  number  of  vessels  operating  has  increased^  the 
boats  themselves  have  increased  in  size^  and  the  fishing  grounds 
have  in  consequence  been  extended j  the  annual  catch  per  boat  can- 
not be  perceived  to  have  changed  very  much  from  what  it  was  before 
the  waro   At  this  stage  it  cannot  yet  be  thought  that  the  catch  is 
surpassing  the  natural  increase  of  the  tunaso   In  other  words,  not 
only  can  it  be  said  that  there  is  no  indication  of  overfishing, 
but  the  iiif erence  can  be  drawn  that  this  fishery,  which  has  been 
thought  to  be  lacking  in  planability,  is,  in  the  overall  view,  sus- 
ceptible of  planning  to  some  degree„ 

Let  us  add  a  few  considerations  anent  the  third  problem,  that 
of  the  distribution,  even  or  uneven,  of  fishing  grounds  and  fishing 
seasonsc 

In  the  bottom  fisheries  and  the  coastal  fisheries  the  fishing 
grounds  are  subject  to  geographical  limitations,  and  these  limita- 
tions are  absoluteo   In  these  fisheries,  both  because  of  the 
distribution  of  the  fishes  which  are  their  object  and  because  of 
the  fishing  techniques  employed,  the  fishing  grounds  are  almost 
entirely  restricted  to  the  so-called  continental  shelfo   Consequently 
the  sea  areas  suitable  as  fishing  grounds  are  really  only  a  very 
small  part  of  the  sea  as  a  whole,  and  they  are  unevenly  distributed. 

In  the  case  of  the  tuna  fisheries  the  restrictions  imposed  by 
the  depth  of  the  sea  are,  in  general,  exactly  the  opposite  of  those 
imposed  in  the  case  of  the  bottom  fisheries o  Generally  stated,,  the 
sea  areas  in  which  tuna  are  found  are  centered  on  the  Equator,  from 
which  they  extend  40"^  -  45°  north  and  southo   Accordingly^  all  of 
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the  sea  areas  within  this  range  have  some  direct  relation,  leaving 
aside  the  question  of  quantity,  to  the  tuna  fisheryo  In  Japanese 
waters  one  or  smother  species  is  found  throughout  the  year  in  the 
area  south  of  35°  north  latitude„  Farther  to  the  north  excellent 
fishing  grounds  are  found  from  autumn  to  early  .vintert.  Thus  the 
fishing  grounds  of  the  tuna  fisheries,  compared  to  those  of  other 
fisheries s  have  a  remarkable  evenness  of  distributiono 

Of  course  it  is  a  great  deal  more  advantageous  that  fishing 
grounds  be  extensive  and  evenly  distributed  than  that  they  be 
restricted  in  extent  and  spotty  in  occurrenceo   Howeverj  the  sole 
fact  that  they  are  extensively  and  evenly  distributed  does  not 
necessarily  mean  that  they  are  superior  fishing  groundSo   The 
density  of  distribution  of  the  fishes  which  are  sought,  and  the 
difficulty  or  ease  of  operation  are  important  factors. 

The  factors  which  determine  the  density  of  distribution  of 
fishes  are  extraordinarily  complex  and  not  easily  learned,  but 
they  probably  boil  down  finally  to  the  productive  potential  of 
the  sea  area.   In  other  words ^  they  may  be  thought  to  be  directly 
related  to  solar  energy  and  the  distribution  of  nutrient  salts 
within  the  area. 

It  is  a  known  fact  that,  for  various  reasonsj,  the  amounts  of 
nutrient  salts  present  in  coastal  waters  and  in  the  seas  of  high 
latitudes  are  great,  while  in  the  open  sea  of  low  latitudes  they 
are  scanty.   Consequently,  it  is  said  that  the  productive  potential 
per  unit  of  sea  water  in  the  seas  of  the  low  latitudes  is  much  less 
than  it  is  in  the  high  latitudes  and  in  coastal  areas,  and  the  fish 
population  is  therefore  smallero 

The  facts  set  forth  above  provide  extremely  disadvantageous 
conditions  for  the  tuna  fishery,  which  has  as  its  fishing  grounds 
the  open  seas  of  the  low  latitudes.   The  most  advantageous  situation 
from  the  point  of  view  of  cJonvenience  in  catching  fish  is  to  have 
the  greatest  possible  number  of  fish  concentrated  within  the 
smallest  possible  area.   From  this  point  of  view  the  fishing 
grounds  of  the  bottom  fisheries  and  the  coastal  fisheries  offer 
much  better  conditions  thatl  do  the  tuna  grounds. 

If,  however,  we  advance  a  step  further  in  our  thinkingj,  we 
see  that  because  they  do  offer  such  excellent  conditions,  these 
fishing  grounds  have  been  exploited  early,  the  fisheries  carried 
on  in  them  have  been  developed  to  a  remarkably  high  degree,  and  they 
have  either  already  reached  the  peak  of  their  development  or  are 
close  to  ito   Consequently  the  question  of  how  best  to  regulate 
the  catch  and  the  maintenance  and  propagation  of  the  resource  has 
become  an  important  and  pressing  problanj  various  positive  and 
negative  measures  for  the  maintenance  of  the  resource  --  such  as 
limits  on  the  size  of  fish  to  be  taken,  limitations  on  fishing 
seasons  and  grounds  and  the  number  of  vessels  engaged,  and  the 
establishment  of  facilities  for  the  propagation  and  protection  of 
the  resource  —  have  become  extremely  vital  matters o 
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The  yellowfin  grounds  centered  on  the  EquatoTg  the  spearfish 
grounds  covering  all  of  the  subtropical  seas^,  and  the  albacore 
grounds  centered  at  30°  -  40°  north  latitude  all  are  subject  to 
restrictions  of  latitude  and  all  present  shifts  due  to  seasonal 
changes.,  but  they  are  indeed  extensivec   Because  the  fishing  methods 
employ  mainly  the  hook  and  line^  and  because  of  the  spawning  habits 
described  below^  it  is  thought  that  the  propagation  of  the  resource 
is  suitably  regulated  under  natural  conditions^   At  any  rate^,  under 
the  conditions  obtaining  up  to  the  present  it  is  hard  to  discern 
any  signs  of  a  decline  in  the  resource  due  to  overfishing i,  and  the 
yearly  fluctuations  in  the  catch  may  be  considered  to  be  mainly  con- 
trolled by  changes  in  the  environmentr. 

The  foregoing  refers  to  the  universality  of  distribution  of 
the  fishing  grounds  in  a  horizontal  sense^  but  it  is  also  necessary 
to  take  account  of  the  distribution  in  deptho   In  tropical  sea  areas , 
where  the  sea  water  is  highly  transparent,  solar  energy  can  reach 
to  great  depths  and  the  sphere  within  which  marine  life  can  exist 
is  thereby  enlargedo   It  appears  that  in  the  tropic  seas  the  range 
within  which  the  tunas  can  live  extends  to  far  greater  depths  than 
has  been  thought  hitherto„   For  examplej  there  are  data  which  show 
that  the  yellowfin  is  present  in  some  abundance  at  depths  as  great 
as  160  meterso   (See  table  9)o 

It  has  already  been  said  thatp  if  we  compare  the  productive 
potential  per  unit  of  sea  water^  the  cold  seas  and  coastal  waters 
show  markedly  higher  values  than  the  tropic  seaso   And  it  has  been 
noted  that  there  is  a  theory  that  the  density  of  distribution  of 
fishes  in  tropical  waters  is  consequently  lowc   Ifg  however^  the 
range  of  occurrence  is  comparedj,  that  of  the  tunas  is  much  more 
extensive  than  that  of  the  fishes  of  northern  seas  or  of  demersal 
and  coast-dwelling  specieso   Thus  if  a  comparison  is  made  of  the 
absolute  quantity  of  the  resourcej  it  may  be  wondered  which  will 
be  the  greater^  the  so-called  pelagic  fishes  such  as  the  tuna,  or 
the  demersal  and  coastal  fishes? 

Within  the  limits  of  present  knowledge  there  is  absolutely  no 
way  to  arrive  at  an  answer  to  this  question,  however^,  if  we  take 
into  account  the  various  factors  set  forth  abovep  it  is  impossible 
to  conclude  that  the  tuna  resource ^  in  tern^  of  its  absolute  quantity p 
is  necessarily  inferior  to  the  demersal  and  coastal  fisheso   The 
schools  which  migrate  into  Japanese  waters \15 J  probably  represent 
no  more  than  one  branch  of  the  tuna  resource  of  the  Indian  and 


vlSyl  There  are  people  who  think  that  all  of  the  tuna  and  bonito 
at  least  once  in  their  lives  migrate  into  Japanese  watersc 
The  author  is  of  the  opinion  expressed  aboveo 
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Pacific  oceanso   And  the  amount  of  fish  that  is  actually  taken^''-"^ 
can  bs  thought  to  be  only  a  part  of  that  brancho   It  is  probably 
impossible  to  grasp  the  absolute  quantity  of  the  resources  and  even 
if  it  were  possible  to  do  so,  the  magnitude  of  -'•■  his  quantity  and 
such  things  as  the  difficulty  or  ease  of  capturing  the  fish  and 
the  possibility  of  loss  in  the  operation  of  the  fishery  remain  quite 
separate  problems o   The  discussion  has  strayed  from  the  questioii  of 
the  universality  of  distribution  of  the  fishing  grounds,  but  in  any 
case  there  is  no  basis  upon  which  to  gainsay  the  fact  that  the  tuna 
grounds  have  such  universality  to  a  much  greater  extent  than  do  the 
bottom-fishing  grounds  and  the  coastal  fishing  grounds. 

I  will  now  present  some  opinions  on  the  matter  which  may  be 
thought  to  have  deep  relationship  to  the  foregoing,  that  is,  the  way 
in  which  the  tuna  resource  is  propagated,  or  in  other  words,  the 
spawning  of  the  tunas. 

As  has  already  been  set  forth  in  the  sections  on  spawning  and 
growth,  it  is  thought  that  the  spawning  of  these  fishes  takes  place 
throughout  an  extremely  wide  area  and  over  a  long  period  of  timeo 
This  type  of  spawning  habit  is  not  limited  to  the  tunas,  but  is 
thought  to  be  generally  shared  by  all  the  pelagic  fishes  of  warm 
seas.   To  cite  an  example,  in  the  case  of  the  milkfish  Chanos  chanos 
the  larvae  appear  throughout  the  year  in  the  waters  of  the  Java  area, 
but  the  periods  of  greatest  abundance  are  said  to  be  May  and  November, 
The  larvae  of  the  same  species  appear  in  Phillipine  and  Formosan 
waters  from  April  to  October,  with  the  period  of  greatest  abundance 
extending  from  June  to  Augusto   It  is  not  clear  whether  or  not  these 
larvae  are  produced  by  the  spawning  of  schools  belonging  to  separate 
independent  stocks,  but  as  far  as  the  period  of  greatest  spawning 
activity  is  concernedj  at  any  rate,  the  northern  and  southern  hemi- 
spheres present  quite  different  situationso 

With  regard  to  the  tunas  and  spearfishes  we  do  not  yet  have 
as  reliable  data  as  in  the  case  of  the  milkfish^,  however,  if  we 
assemble  and  consider  certain  data,  it  appears  that  the  same  sort 
of  phenomenon  can  be  disoernedo   A  tendency  can  be  detected  for  the 
spawning  season  to  differ  somewhat  and  for  different  year-classes 
to  appear  in  different  sea  areaso   However,  as  their  interrelation- 
ships are  completely  unknown,  no  conclusions  can  be  drawn  as  to 
whether  they  belong  to  the  sajne  or  different  stocks.   Furthermore^ 
with  regard  to  the  temporal  differences „  it  cannot  be  hastily 
determined  whether  it  is  a  case  of  different  schools  spawning  at 
different  seasons,  or  whether  it  arises  through  the  same  school's 
spawning  while  on  the  move.   In  any  case,  it  is  a  fact  that  spawning 


\^^)   Morisaburo  Tauchi  (l940)  has  given  the  following  catch  rates 
for  tuna  migrating  into  Japanese  waters g  yellowfin,  29?2s 
black  tuna,  55%  when  young/meji/  and  10^  when  mature/maguro/| 
albacore  18%o 
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continues  over  a  very  long  period  of  time  and  throughout  very- 
extensive  spawning  grounds r   There  are  hardly  any  data  from  the 
southern  hemisphere,  so  the  situation  there  is  not  clear,  but 
there  n^y  be  thought  to  be  a  possibility  thatj,  if  we  consider  the 
northern  and  southern  hemispheres  together,  spawnj.ng  may  be  taking 
place  somewhere  throughout  the  whole  yearo 

In  the  general  viewp  the  higher  the  latitude  of  the  sea  areaj, 
the  shorter  and  more  clearly  delimited  is  the  spawning  season  of 
the  fishes  dwelling  theroo   There  also  seems  to  be  a  tendency  for 
the  spawning  grounds  to  be  more  sharply  defined,,   It  goes  without 
saying  that  such  p?ienomena  are  almost  entirely  controlled  by  tempera= 
tureo   In  short «  fishes  of  the  cold  seas  have  a  short  spawning 
season  and  their  spawning  grounds  are^  comparatively  speakings 
linjited  to  particular  areas.   In  other  wordSj,  the  propagation  of 
the  resource  is  carried  on  within  a  restricted  sea  area  during  a 
short  period  of  time,- 

The   best  conditions  for  fertilization  are  that  the  greatest 
possible  number  of  ripe  males  and  females  should  congregate  at  the 
same  time  ^^dthin  the  smallest  possible  area„   The  results  of  their 
reproductive  activity  will  be  the  production  of  a  great  number  of 
larvae  in  a  short  period  of  time.  Unless  the  largest  possible 
number  of  these  larvae  attain  maturity,,  the  basic  objective  of 
reproduction  will  not  be  realized^   For  this  growth  the  most  essen"= 
tial  and  important  condition  is  probably  the  presence  of  abundant 
foodo   It  goes  without  saying  that  the  ultimate  food,  not  only  of 
larva©  but  of  all  fishes.„  is  planktono 

The  pi'oduction  of  plankton  in  cold  seas  is  regulated  by  the 
temperature^,  and  an  explosive  proliferation  of  plankton  takes  place 
once  a  year»  In  temperate  seas  there  are  two  such  proliferations, 
in  the  spring  and  autumnj,  but  the  flowering  is  far  less  conspicuous 
than  it  is  in  colder  waters^  When  we  come  to  tropical  waters  it  is 
even  less  marked  than  it  is  in  the  temperate  zone,  and  a  particular 
season  of  plankton  abundance  can  hardly  be  detectedo 

If  the  spawning  habits  discussed  above  and  the  conditions  of 
plankton  production  in  various  sea  areas  are  comparedj,  it  can  be 
seen  that  in  each  case  the  spawning  habits  are  such  as  to  provide 
most  adequately  for  the  maintenance  of  the  species„ 

The  fact  that  the  tunas  spawning  in  the  warm  seas,  where 
seasonal  quantitative  changes  in  the  plankton  are  slight  and  its 
quantitative  distribution  is  even  and  sparse^  spawn  throughout  broad 
sea  areas  and  long  periods  of  time  can  be  thought,  from  the  ecologi- 
cal point  of  vievTi,   to  be  extremely  reasonableo   If„  like  the  fishes 
of  cold  seas,  the  tunas  spawned  great  numbers  of  eggs  in  a  very 
short  period  of  time  in  a  limited  area,  the  larvae  which  hatched 
out  vrould  quickly  starve  and  it  would  be  difficult  to  realize  the 
objective  of  maintaining  the  specieso 
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The  spawning  habits  of  the  tunas  are  generally  as  outlined 
aboveo   The  life  of  the  immature  fish  is  almost  completely  unknown, 
but  when  they  have  attained  a  certain  size  they  f c rm  large  schools 
and  begin  to  migrateo   The  tuna  fisheries  are  based  on  the  utiliza- 
tion of  this  habito 

Considering  the  whole  extent  of  the  seas  in  which  they  are 
distributed^  the  population  per  unit  of  area  is  no  doubt  small  in 
comparison  with  that  of  other  fishery  resources,  but  the  population 
within  the  scope  of  schools  that  are  formed  is  by  no  means  small. 
The  reason  for  the  markedly  unstable  character  of  the  tuna  fisheries 
in  comparison  with  the  coastal  and  bottom  fisheries  is  not  that  the 
absolute  quantity  of  the  resource  is  inferior  to  that  of  the 
demersal  fishes o   The  problem  is  that  the  organization  and  form  of 
the  schools  and  the  factors  controlling  their  migration^,  congrega- 
tion, and  dispersal  are  extremely  difficult  of  investigation^  and 
consequently  our  knowledge  concerning  them  is  extraordinarily  pooro 

A  look  at  present  conditions  in  the  tuna  fisheries  reveals 
that  the  mox^  progressive  among  the  operators  engaged  in  these 
fisheries  are  gradually  coming  to  raise  their  voices  more  and  more 
in  demands  for  scientific  backingo   But  at  present  the  only  applica- 
tion of  scientific  methods  is  merely  the  measuring  of  surface  water 
temperatures  in  order  to  locate  fishing  grounds,  and  not  one  step 
has  been  taken  in  advance  of  a  condition  where  operations  are  still 
based  on  the  experience  and  judgment  of  the  fishermano 

bo   The  problem  of  fishing  gear 

The  structure  of  longlines  is  not  standardized,  but  has 
changed  from  period  to  period  and  varies  according  to  the  species 
fished  for.   There  are  also  local  peculiarities,  constructions 
which  are  thought  to  be  best  suited  to  conditions  in  various  sea 
areaso   ^furthermore,  within  the  same  region  individuals  construct 
their  lines  differently,  each  fisherman  using  the  type  of  gear 
which  he  thinks  most  suitable  on  the  basis  of  his  personal  experience 
and  studyo 


The  factors  which  should  determine  the  structure  of  the  lines 


ares 


io  Catch  efficiency 

iio  Simplicity  and  ease  of  operation 

iiio  Strength 

ivo  Expense  of  construction 

It  is  not  thought  that  factors  iii  and  iv  offer  any  great  difficul- 
ties, but  i  and  ii,  particularly  i,  involve  some  rather  important 
problemso 
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It  need  hardly  be  said  that  the  most  effective  way  to  bring 
operating  efficiency  to  its  highest  level  is  to  select  for  opera- 
tions the  areas  in  which  the  tuna  are  present  in  the  greatest  con 
centrations.   This,  in  other  words p  means  the  selection  of  good 
fishing  groundso   This  is  the  field  which  has  received  the  most 
attention  hitherto^,  and  it  is  hardly  an  exaggeration  to  say  that 
fishery  investigations  and  fishing  ground  surveys  have  almost  been 
limited  to  this  one  objectiveo 

However  J,  the  problem  under  discussion  here  is  not  that  of  the 
methods  to  be  followed  in  selecting  a  fishing  ground^  but  that  of 
the  construction  of  the  most  efficient  gear  for  a  given  groundo 
This  sort  of  problem,  in  spite  of  its  importance^  generally  receives 
little  attention  in  comparison  with  the  interest  shown  in  the  matter 
of  scouting  for  fishing  groundso   There  is  almost  no  scientific 
basis  worth  mentioning  for  the  consideration  of  such  problems  as 
the  length  of  branch  lines  and  float  lines,  that  iSj,  the  depth  at 
which  the  hooks  should  fish,  the  number  of  branch  lines j  and  so 
forth.   The  construction  of  the  lines  is  determined  simply  by 
experience,  or  by  imitation  of  others,  or  according  to  the  materials 
available o 

It  hardly  need  be  said  that  errors  in  the  selection  of  fishing 
grounds  can  have  a  lethal  effect  on  the  fishery^  but  even  though 
there  are  no  such  errors^  if  the  fishing  gear  is  unsuitable,  the 
results  of  the  fishing  will  naturally  be  inferior,,   As  an  example, 
the  results  obtained  by  the  HakuyF  Maru^-'-'^''  on  training  cruises  in 
various  southern  sea  areas  are  cited  in  the  following  tableo 


TTtJ 


Former  training  vessel   of  the  Ministry  of  Agriculture  and 
Forestry's   Fisheries   Instituteo 
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Table  7 
Fishing  Results  of  Different  Branch  Lines  (iiakuyo"  Maru) 


Year  ajid 

Area 

Short 

Branches 

Long  Branches 

Month 

Fish" 

ir 

Fisn 

1^ 

Notes 

1930,  Deco 

Coastal  waters   of 
Nicobar  Islands 

28 

11 

76 

1-h 

Fish  particur 
larly  numerous 
on  short  bran- 
ches  3   times, 
on  long  4  timeSo 

1931,    Jane. 

Coastal  waters   of 
Sumatra  and   Java 

32 

29 

81 

71 

1933,    Jano 

Coastal  waters   of 
New  Guinea 

13 

23 

43 

77 

Numerous   on 
short  branches 

1  time,    on  long 

2  times  p  unknovra 
10  timeSo 

Notess   (l)  Short  branches  5  ken  /To  f t_o7"  4  lines 

(2)  Long  branches  16o5  ken  ^9  ft„7  2  lines 

(3)  Float  lines  15  ken /gO  ft^ 

(4)  As  the  number  of  short  branches  is  twice  as  great  as 
the  number  of  long  branches,  it  must  be  halved  when 
calculating  the  catch  per  100  hooks o 


It  appears  from  table  7  that  the  long  branch  lines  were  much 
more  efficient  than  the  short  oneso   In  all  of  the  various  sea  areas 
fished  the  results  were  approximately  the  same,  with  the  catch  rate 
of  the  long  branches  being  about  6  times  that  of  the  short  brancheSo 
From  these  results  it  is  judged  that  the  efficiency  of  the  short 
branches  is  markedly  inferior  to  that  of  the  long  oneSo   This 
evidences  the  fact  that  the  suitability  or  unsuitability  of  the 
construction  of  the  gear  has  a  very  great  effect  on  the  catch  rateo 

It  may  be  inferred  that  the  depth  at  which  the  catch  rate  is 
highest,  or  in  other  words,  the  level  where  the  tunas  are  most 
densely  distributed  or  where  the  light  and  temperature  conditions 
of  the  environment  make  it  easiest  to  catch  them,  differs  according 
to  the  sea  area  and  the  seasono   The  necessity  of  clarifying  this 
situation  is  incontrovertibly  shown  in  table  8„   For  the  purpose 
of  ascertaining  the  level  at  which  the  fish  are  swimming,  the  gear 
in  general  use  (including  that  used  by  the  Hakuy^  Maru)  can  hardly 
be  said  to  be  suitable <,   As  the  following  figure  shows  ^Tigure  24 
Plan  of  tuna  longline^,  it  is  hard  to  tell  accurately  where  the 
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hooks   ares    although  their   approximate  position  can  be  knowno      As 
the  positions  of  a_  and  b_  in  the  figure   change,    the   position  of   c_ 
will  necessarily  undergo  various   changeSo      In  order  to   do  away 
with  this   defect,    the  Sho"nan  Maru  employed   gear  in  which  there  was 
a  float  attached  to  each  branch  line  to   investigate  the  level   at 
which  tuna  were  caughto      The  results   are  given  in  table   80 

Surveying  the   results   set  forth  in  table   Sj,    a  -  c,    one  can 
detect  a  tendency  for  the  catch  rates   for  tuna  in  waters   east  of 
Formosa  to  increase  with  increasing  depthj,   at   least   down  to  100 
meters o      The   spearfishes   are   caught  in  greatest  numbers   at   somewhat 
shallower  depths,    50   -  60  metersj,  while  the   catch  rates   for   sharks 
are  highest  at   even  shallower  levels o 

Table   8 
Fishing  Situation  at  Different  Depths 
a)o      East   of  Fomosaj    Novo    -  Dec,    1^)35   (.'ih'onan  Maru) 


Number 
Depth       of 

Yellowfin 

Big-eyedj    w     ^.-       -Saili'ish  jShort-nosed     Sharks 

Hooks 

Pish 

% 

Fish!    %   jFish?    %    ;Fish     % 

FishJ      %       Fish     % 

35     1,758 

8 

Oo5 

0 

OoO        1     0„0;      1      0„0 

0       OcO       35     2oO 

56          879 

6 

0c7 

1 

Ool        9     loOJ      0     OoO 

0 

OoO          9      loO 

86      1,758 

15 

Oc9 

3 

Oo2        9  1  Oc5l      0     OoO' 

0 

Ool        10     O06 

bjo      East  of  Formosa.,    Nov.    -  Deco    1936   (Sh'oiian  llaru) 


60     2,160  22    I  loO 

80     2,160  28  lo3 

100   12,160    !  32   !  lo5 

Notes 


5 
5 

2 


Oo2 
Oo2| 

Ool 


18 

5 

5 


0„8i 
I 

Oo2J 
O02! 


4    po2 
1      OoO 

0    boO 


16 
5 

5 


0o7 
Oc2 

Oo2 


42 
9 

1 


(1)  %  indicates   catch  per  ?l00  hooks. 

(2)  In  addition,    2   al'iacoro  weie  tal.en  at   100  meters  o 

c)„      East   of  Formosa,   Deco    191)6   -  Jebo    1937    (Shichisef.  Maru) 


lo9 
0o4 

OoO 


48 

1,552 

1 

Ool 

9 

Oo5 

5 

0„3 

14 

Oo9 

6 

0o4 

43 

2o8 

58 

1,504 

12 

O08 

8 

Oo5 

13 

0„9 

5 

0„3 

4 

0o3 

30 

2oO 

68 

1,504 

7 

Oo5 

8 

Oo5        8 

Oo5 

8 

Oo5 

5 

Oo3 

29 

lo9 

78 

1,504 

12 

O08 

7     Oo5i       7 

Oo5 

6 

0o4 

4 

Oo3 

30 

2oO 

Notes      %  indicates   catch  per  100  hookso 
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When  we  compare  the  results  of  the  Shonan  Maru  and  the  Shichi- 
sei  MarUj,  a  rather  conspicuous  difference  between  them  appears j  but 
this  probably  results  from  a  difference  in  the  areas  surveyed^   The 
Shichisei  Maru(l8)  worked  mainlv  north  of  24°  No  U9>)  whereas  the 
ShSnan  Maru  operated  between  20°  and  24° o   Hitherto  it  has  been 
said  that  among  the  tuxias  the  big-eyed  tuna  inhabits  thie  greatest 
depthSs  but  the  foregoing  table  tends  to  contradict  this  thesiso 

The  following  figures  are  data  from  the  Celebes  Sea  area^ 

Table  9 

Fishing  Situation  at  Various  Depths 

ao      Celebes   Sea,  Dec    1936  =■  Feb„    1937    (Shonan  Maru) 


Depth 
Catch  Rate 


45 

4o2 


68 
lo7 


91 

2ol 


129 
s    q 


Notes      Catch  rates   are  totals   for   spearfishes   and  tunasc 
bo      Celebes   Sea,    Feb„    1933    (Shorian  Maru) 


Depth 
Catch  Rate 


23 

3o9 


90 
7c  3 


113 

4c  7 


136 

5ol 


Note s      Catch  rate   same  as  in   (a.)„ 
Celebes   Sea,    Aug„-Septo    1934    (Sh^ian  Maru) 


Depth 

Tunas 

Spearfishes 

Pish 

7" 

Fish 

^ 

45 

76 

106 

65 
182 

205 

6o3 
8o8 
9o9 

26 
36 
20 

2o5 
lc7 
0o9 

do      Celebes   Sea,    Aug„    1934    (Shonan  Maru) 


Depth 

Tunas 

Spearfishes 

Fish 

% 

Fish 

% 

45 

9 

2„5 

11 

3ol 

76 

53 

7o6 

28 

3c9 

106 

47 

6c  5 

11 

0c6 

160 
6o0 


Notes      %  in  &  ~  6.  indicates   catch  per    100  hookso 

___ _ _ =_ __________ — _ — __ —^ 

^   '  Former  fisheries  research  vessel  of  Taihoku  Province^  Formosa, 
(19)  Where  there  are  many  shoals  and  isletSo 
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If  we  combine  the  data  appearing  in  table  9j,  a  -  dj,  we  see 
that  in  the  Celebes  Sea  the  depth  at  which  tuna  are  taken  in  the 
greatest  numbers  is  about  100  meterso   The  spearfishes  are  shown  to 
be  in  general  most  numerous  at  shallower  levels.   This  situation 
seems  to  agree  in  the  main  with  that  encountered  in  the  area  east 
of  Formosa,,   The  tunas  are  lumped  together  and  nothing  is  known 
of  the  catch  of  each  species,  but  it  is  certain  that  most  of  them 
were  yellowfino   According  to  part  d_  of  table  9^,  in  the  Celebes  Sea 
there  was  a  catch  rate  for  yellov/fin  of  as  much  as  Q%   even  on  branch 
lines  extending  as  deep  as  160  meters,.   This  fact  shows  that  there 
is  a  possibility  that^  at  least  in  tropical  waters,  the  vertical 
distribution  of  yellowfin  goes  far  deeper  than  has  been  believed 
hithertoo   At  the  same  time  this  gives  an  important  indication  for 
the  consideration  of  the  tuna  fishery  resources  of  the  tropioso 

Table  d_  alone  differs  somewhat  from  a  -  c^,  with  the  maximum 
catch  rates  for  both  tunas  and  spearfishes  on  the  76-meter  brancheso 
This  is  thought  to  be  principally  caused  by  differences  m  oceano- 
graphic  conditionso   The  Celebes  Sea  is  homogeneous  in  character 
and  clearly  stratified,  but  oceanographic  conditions  in  the  East 
Celebes  Sea  are  extraordinarily  confused  and  the  curves  of  vertical 
distribution  of  water  temperatures  show  several  remarkable  rises 
and  falls  between  60-70  meters  and  200  meters.   In  the  Celebes  Sea 
area  the  water  temperatures  at  100  meters  are  in  the  range  of  about 
24°  -  26P  Co ,  while  at  the  160-meter  level  they  are  within  the 
range  of  18°  -  22°  Co 

In  addition  to  the  above,  there  are  also  some  data  from  the 
East  Philippine  Sea,  the  northern  part  of  the  South  China  Sea,  and, 
farther  south,  from  the  Banda  Sea,  the  Flores  Sea,  and  the  vicinity 
of  Sunda  Strait^  but  in  general  they  show  the  same  tendencies  that 
appear  in  tables  8  and  9c   Accordingly,  it  is  considered  that  the 
construction  of  longlines  for  yellowfin  tuna  in  southern  waters 
should  be  planned  so  that  the  hooks  will  hang  at  about  the  100- 
meter  level  in  order  to  maximise  the  catch  ratOo 

With  regard  to  fishing  grounds  in  Japanese  waters  some  data 
have  been  reported  by  the  Chiba  Prefecture  Fisheries  Experiment 
Station  and  others ,  but  on  the  whole  the  data  are  scanty  and  cannot 
be  considered  accurate  enough  for  the  planning  of  fishing  gear,  so 
they  are  omitted  hereo 

From  a  consideration  of  the  data  presented  above  it  is  clear 
that  in  order  to  make  the  operation  of  a  tuna  long  line  fishery 
profitable,  it  is  not  enough  simply  to  find  out  the  horizontal 
distribution  and  paths  of  migration  of  the  fisho  Unless  a  firm 
grasp  is  had  of  both  the  horizontal  and  vertical  distribution^  the 
former  in  order  to  avoid  errors  in  the  selection  of  fishing  grounds, 
and  the  latter  in  order  to  plan  the  most  suitable  construction  of 
gear  for  the  area  fished,  it  can  hardly  be  said  that  enough  has 
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been  doneo   In  actual  operations  the  fishermen  are  by  no  means 
unconcerned  with  these  problems o   They  do  adjust  the  float-lines 
in  various  ways,  however,  this  is  not  based  on  any  reliable 
theoretical  foundation,  but  is  merely  a  sort  of  probingo 

Assuming  that  the  lengths  of  the  branch  lines  and  the  float 
lines  have  been  settled,  the  next  problem  is  their  number^   The 
number  of  branches  is  generally  considered  in  relation  to  their 
length  find  that  of  the  main  line„   Increasing  the  number  of  branch 
lines  is  advantageous  in  that  it  means  a  like  increase  in  the  number 
of  hooks  employed  in  each  operationo   Hov/everj  the  interval  between 
branch  lines  naturally  has  to  be  determined  by  considerations  of 
convenience  in  handling  the  gearo   Furthermore,  for  reasons  of 
economy  one  hank  of  line  is  cut  into  four  or  five  pieces  in  such  a 
way  that  none  of  it  will  be  wastedo   The  number  of  branch  lines  is 
also  related  to  the  weight  of  the  gear  as  a  whole,  and  so  to  the 
problem  of  the  so-called  "stretch"  of  the  line,  lYhen  the  branch 
lines  axe  few,  it  gives  rise  to  a  tendency  for  the  line  to  stretch 
and  the  danger  of  the  line's  breaking  increaseso   If  the  branch 
lines  are  many,  the  whole  gear  becomes  heavy  and  hard  to  handle, 
and  also  occasions  arise  where  a  large  number  of  fish  are  taken 
on  one  part  of  the  line  which  consequently  breaks  or  simply  sinkso 

When  various  factors  of  this  sort  are  taken  into  consideration, 
determining  the  construction  of  the  lines  is  very  difficulto   Among 
the  gear  in  use  at  present,  except  for  albacore  lines,  most  of  the 
lines  have  either  five  or  six  brancheso   This  type  of  gear  is  the 
result  of  many  years  of  experience  in  the  light  of  the  various  con- 
ditions set  forth  in  the  foregoingo   Therefore,  it  may  well  be  that 
this  construction  is  the  best  possible,  but  there  is  as  yet  no 
scientific  evidence  that  this  is  the  case.   The  longline  construc- 
tion most  suitable  for  each  sea  area  should  be  established  upon  a 
scientific  basis  through  the  consideration  of  oceanographic  condi- 
tions, ease  of  operation,  and  economic  problems  connected  with 
materials  and  baito 

The  problem  of  bait 

In  the  case  of  the  skipjack  fishery,  bait  is  a  very  great 
problem,  in  some  instances  a  limiting  factor  on  the  development  of 
the  fisheryo   As  everyone  knows,  this  is  because  live  bait  is  an 
absolute  requirement„   In  the  case  of  the  tuna  longline  fishery 
the  bait  does  not  have  to  be  aliveo   Frozen,  iced,  or  in  some  cases 
even  salted  bait  may  be  used..   This  fact  may  be  considered  an 
extraordinarily  strong  point  of  this  fisheiyo 

Of  course  fresh  bait  is  preferable  and  is  superior  as  bait. 
This  superiority  may,  of  course,  lie  to  some  extent  in  the  fact  that 
tuna  bite  better  on  fresh  bait,  but  of  even  greater  importance  is 
the  fact  that  such  bait  "keeps"  wello   This  means  that  the  bait 
does  not  fall  off  the  hook  easilyo   According  to  the  results 
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obtained  by  many  research  vessels  in  suj-veys  in  southern  waters, 
there  is  little  difference  in  the  oatoh  rates  achieved  in  a  given 
area  whether  iced,  frozen,  or  salted  bait  is  usedo   Purthermorej, 
on  the  whole  little  difference  can  be  detected  whether  the  bait 
employed  was  saury^  sardine,  herring,  or  squido 

As  has  already  been  stated  in  the  section  on  food  habitSj, 
there  is  room  for  doubt  as  to  whether  the  tunas  and  spearfishes 
select  things  v;hich  they  particularly  like  to  feed  ono   VTnen  we 
actually  examine  the  contents  of  their  stomachs,  it  appears  that 
they  feed  on  whatever  is  most  plentiful  in  the  area  they  inhabit^ 
or  whatever  is  comparatively  easy  to  catch,  or  whatever  strikes 
their  eye  most  easilyo   Of  course  more  thorough  studies  of  the  fDod 
habits  of  the  tunas  are  necessary,  and  our  conclusions  must  be 
verified  experimentally,  but  it  is  thought  that  in  selecting  baits 
to  be  used  the  emphasis  should  be  on  their  ability  to  catch  the  eye 
of  the  tuna  and  their  keeping  qualities  on  the  hooko   Such  matters 
as  ease  of  procurement  and  cheapness  of  price  go  '^Aatnout  sayingo 

i'fhether  or  not  the  above  reflections  are  correct  or  not  is  a 
question  to  be  settled  by  future  researcheso   If  they  are  correct, 
the  fact  will  have  a  rather  important  significance  in  the  operation 
of  this  fisheryo   Unfortunately,  however,  there  have  been  few 
connected,  organized  studies  in  this  fieldj  and  the  problem  of  bait 
is  almost  entirely  left  to  the  futureo 

do   Fishing  grounds  and  fishing  seasons 

Almost  all  of  the  researches  and  surveys  which  have  been 

carried  on  hitherto  with  regard  to  the  tuna  fisheries  have  had  as 

their  main  object  the  extension  of  present  fishing  grounds  and  the 

discovery  of  superior  new  grounds,  and  not  a  few  of  them  have  pro- 
duced results  worthy  of  noteo 

After  engines  began  to  be  installed  in  fishing  vessels  in  the 
latter  years  of  the  Meiji  Eraj,  Ime-hauling  machines  were  imported 
and  the  efficiency  of  operation  increased  epochaliy,  while  at  the 
same  time  larger  and  larger  vessels  came  to  be  built  and  the  fishing 
grounds  were  extended  year  by  yearo   Particulai'ly  in  the  period  of 
approximately  10  years  from  early  Showa  Era  (about  1930)  to  the 
beginning  of  the  Pacific  'Var  the  rapidity  with  which  the  fishing 
grounds  were  expanded  was  astonishingo   During  this  period  the 
training  vessels  of  the  Fisheries  Institute  of  the  Ministry  of 
Agriculture  and  Forestry  and  mai^  research  vessels  surveyed  tuna 
longline  grounds  from  the  Maldives  in  the  Indian  Ocean  on  the  westj, 
eastward  to  the  vicinity  of  17CP  west  longitude j,  and  from  15°  south 
latitude  to  45^  north  latitude,,   As  a  result  of  these  surveys  and 
the  unflagging  endeavors  of  the f ishermen,  there  were  opened  up  the 
albacore  grounds  extending  east  from  Cape  Nojima  to  the  Midway  area 
and  the  fishing  grounds,  principally  for  yellowfin,  in  the  former 
Japanese  South  Seas  mandatej  fishing  boats  from  Japan  Properj  based 
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chiefly  at  Misaki  in  Kanagawa  Prefecture^  and  vessels  based  in  the 
outlying  areas  were  husily  engaged  in  fishing  in  these  groundso 
Elsewhere  vessels  based  in  Formosa  were  active  in  the  South  China 
Sea,  the  Sulu  Sea,  the  Celebes  Sea,  and  the  Bast  Philippines  Seao 
It  gradually  became  known  that,  in  addition  to  tha  grounds  under 
exploitation,  yellowfin,  big-eyed  tuna,  and  the  spearfishes  ware 
densely  distributed  in  various  other  southern  sea  areaso 

In  order  that  a  given  sea  area  may  be  considered  a  tuna 
fishing  ground,  it  is  not  enough  that  there  merely  be  biological 
evidence  of  the  presence  of  tuna  there„   It  need  hardly  be  said  that 
in  order  to  have  significance  as  a  fishing  ground  actual  operations 
must  be  carried  on  in  the  area  and  the  results  must  be  a  catch  at 
least  sufficient  to  pay  expensesc   The  expenses  of  operating  a 
fishing  enterprise  may  in  general  be  thought  to  be  proportional  go 
the  number  of  days  spent  per  voyageo   The  more  distant  the  fishing 
ground,  the  higher  the  expenses  mount j  as  the  number  of  days  required 
to  go  and  come  between  the  base  and  the  grounds  increases,  the 
number  of  days  on  which  actual  fishing  is  possible  decreasesc   It 
follows  that  the  farther  the  fishing  ground,  the  higher  the  catch 
rate  must  be  in  order  to  pay  expenseso   Since  the  capabilities  of 
fishing  boats  are  limited,  unlimited  extension  of  the  fishing 
grounds  is  naturally  impossible  under  the  present  system  of  single- 
vessel  operationso 

The  fishing  season,  needless  to  say,  is  the  season  or  period 
during  which  fishing  is  carried  on  within  a  given  sea  areao   Since 
fishing  seasons  are  mainly  controlled  by  seasonal  changes  in 
oceanographic  conditions,  they  are  generally  the  same  from  year 
to  yearo 

The  tuna  longline  fishery  in  Japan  is  operated  as  a  complement 
to  the  skipjack  fishery,  so,  in  general,  the  fishing  season  is  almost 
limited  to  the  wintero   Actually  in  most  cases  it  is  a  matter  of 
vessels  which  engage  in  the  skipjack  fishery  from  spring  to  autumn 
turning  to  the  tuna  longline  fishery  during  the  winter.   This  does 
not,  however,  indicate  that  the  tuna  are  most  densely  distributed 
during  the  winterj  it  should  be  considered  chiefly  as  a  phenomenon 
controlled  by  the  distribution  and  migration  of  the  skipjacko 
Except  for  albacore  and  the  big-eyed  tuna,  the  distribution  of  the 
tunas  and  the  spearfishes  in  the  North  Pacific,  in  general,  is 
denser  in  the  summer  than  in  winter„   As  a  consequence^  one  can  see 
a  tendency  in  recent  years  toward  a  gradual  increase  in  the  number 
of  vessels  operating  the  year  round  in  the  tuna  longline  fishery. 

Both  the  fishing  grounds  and  the  fishing  seasons  are  determined 
by  the  distributional  and  migrational  patterns  of  the  tunaso  There- 
fore, if  it  were  possible  to  know  accurately  in  advance  the  times, 
positions,  and  routes  of  these  migrations,  it  should  be  possible  for 
the  tuna  longline  fishery  to  become  stabilized  to  a  high  degreeo 
However,  the  factors  which  control  these  migrations  are  chiefly 
changes  in  oceanographic  conditions„ 
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So  stated  it  appears  quite  simple  and  clear  that  if  we  investi- 
gate oceanographic  conditions p  it  will  naturally  become  possible  to 
foreknow  the  migrations  of  the  tunas o   The  actual  problem  cannot j, 
however^  be  solved  so  simply.   One  reason  is  thti  oceanographioal 
observations  on  the  large  scale  necessary  in  order  to  gain  a  tho= 
rough  grasp  of  oceanographic  changes  in  the  sea  areas  inhabited  by 
the  tunas  cannot  be  so  easily  carried  outo   Even  supposing  that  such 
observations  could  be  made,  there  are  in  addition  to  sucn  physical 
factors  as  temperature  and  salinity  of  the  sea  water  other  com- 
plexly intertwined  and  as  yet  unknown  factors  involved  in  the  mutual 
relationships  of  the  tunas  with  other  living  organisms j>  so  tha^  it 
can  hardly  be  expected  that  we  can  easily  gain  a  foreknowledge  of 
the  causes  and  paths  of  their  migrationsc   At  any  rate^,  within  the 
scope  of  our  present  knowledge  it  is  not^  unfortunately,  possible 
to  find  a  method  by  which  these  migrations  can  be  accurately  fore- 
tcldo 

io   Fishing  grounds  of  the  low  latitudes  and  of  the  high 
latitude So 

Because  the  tunas  are  in  general  so-called  warm  water 
species i  they  do  not  like  very  low  temperatures.   The  species 
differ  in  this  respect^  but  each  has  limits  on  the  temperature 
range  within  which  it  can  exist  and  the  fish  are  continually  on 
the  move  seeking  favorable  waterso   In  sea  areas  which  are 
bounded  by  zones  of  limiting  temperatures  as  for  example  in  the 
fishing  grounds  of  the  Hokkaido  area  or  at  the  advance  point  of 
the  gradual  northward  migration  of  the  schools  which  begins  in 
the  spring,  the  schools  are  continually  being  restrained  by 
limiting  temperatures  and  their  progress  is  a  series  of  alter= 
nate  advances  and  retreatSo   In  fishing  grounds  where  such 
factors  operate i  the  relationship  between  oceanographic  condi-' 
tions  and  fishing  conditions  is  very  apparent  and  observations 
of  the  water  temperature  contribute  immediately  to  the  fishery 
as  an  effective  indicator  for  the  location  of  fishing  grounds,, 
Also  in  mary  cases  the  fishing  season  is  clearly  defined^  and 
when  the  season  unsuitable  for  the  habitation  of  tuna  comes 
around,  they  disappear  and  the  fishery  likewise  comes  to  a  com-> 
plete  endo 

In  the  warm  seas  of  the  low  latitudes  the  water  temperature, 
salinity,  and  so  forth  always  offer  favorable  conditions  for 
the  habitation  of  the  tunas^  and,  in  fact,  it  is  knoiwn  that  most 
of  the  species  are  at  all  times  precent  there,.   It  follows  that 
the  fishing  grounds  and  fishing  seasons  are  exceedingly  general- 
izedo   However,  even  in  the  low  latitudes  the  density  of  dis- 
tribution is  not  always  the  same,  but  shows  rather  marked 
changes  both  as  between  different  seasons  and  as  between  dif- 
ferent areaso   In  this  area  the  year  is  divided  roughly  into 
two  seasons,  that  of  prevailing  southwesterly  winds  from  April 
to  September  and  that  in  which  northeasterly  winds  prevail  from 
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October  to  March^^O),   A  comparison  of  the  changes  in  fishing 
conditions  which  occur  in  these  two  seasons  is  shown  in  table 
lOo   The  figures  used  in  the  table  are  based  on  data  collected 
by  a  large  number  of  research  vessels  over  many  years,  data 
from  commercial  fishing  vessels  not  being  used  at  alio 

Table  10 

Fishing  Situation  by  Seasons 


Southwest  Trades 

Northeast  Trades 

Area 

Hooks 

Catch 
rate 

Hooks 

Catch 
rate 

E„    Philippine   Sea  0°-20°   N,  ^ 
12CP-13CP   Ec 

South   Sea  Govto -General 
0°-10°  H„, 
130° -160°  E„ 

Celebes 

No    Guinoap   Solomons 

7,800 

152,563 

10p493 

10,500 

7o93 

6o34 

8o86 
4o39 

2,394 

491,703 

146,663 
11,292 

0„67 

4„50 

4o06 
4o04 

Notes   (l)  The  catch  rate  is  the  number  of  fish  caught  per  100 
hooks  fishedo 

(2)  The  southwest  trades  blow  from  April  to  September, 
the  northeast  from  October  to  Marcho 

(3)  The  catch  is  the  total  of  tunas  and  spearfisheSj 
but  does  not  include  sharkso 


Looking  over  the  material  presented  in  table  10,  it  appears 
that  on  the  whole  the  catch  rates  during  the  southwest  monsoon 
exceed  those  of  the  northeast  monsoono   It  must  be  noted,  how- 
ever, that  the  figures  given  in  this  table  are  a  summary  of  data 
from  a  rather  extensive  area,  and  that  the  number  of  units  of 
fishing  gear  employed  at  different  seasons  varies  markedlyo 
Just  as  a  trend,  though,  it  does  appear  that  the  fishing  is 
better  during  the  season  of  southwestern es  than  during  that 
of  northeasterly  windso   This  tendency  seems  particularly  con- 
spicuous in  the  Bast  Philippine  Sea  and  the  Celebes  Sea, 


(20;  There  is  a  time  differential  of  about  1  month  between 
the  shift  in  the  seasonal  winds  and  the  changes  in 
oceanographic  conditions,  the  changes  in  sea  conditions 
lagging  behind  the  change  in  the  winds » 
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If  it  were   possible  to  get  data  from  surveys   evenly- 
distributed  throughout  the  year  in  a  comparatively  limited  area^, 
the   seasonal  variations   in  fishing  conditions  would  become  much 
clearer o      Unfortunatelyj    however j,   data  of  this   sort  are  almost 
comnletely  lackingc      Only  from  the  area  of  0°    -=5°   No  5    150     - 
160°   Eo    do  we   have   data  which  to  some   extent  fulfill   these 
requirements o      Fishing  conditions   for  yellowfin^   big=eyed   tunap 
and  spearfishes   in  this   area  in  each  month  of  the  year  are 
shown  graphically  in  figure   25  A,    B,    and   C„      The   number  of 
experimental  operations  and  the  number  of  hooks   fished  are 
shown  in  table   llo 

Figure   25A  shows   that  the  yellowfin  fishing  is   extremely 
slack  in  January  and  Februaryo      In  March  the   catch   rate   rises 
sharply,   but   it  drops   again  somewhat  in  April.,      No  conclusions 
can  be  drawn  as  to  the   situation  in  June  as   there  are  no  data 
at  allp    however,    judging  by  the  trend   of  the  curve,,    it  would 
appear  that    the    catch  rate  reaches   it  maximum  in  about  that 
montho      From  July  to  December  there   is  no   great  change  in  the 
catch  rate  which   remains  between  4  and  5  percento 

For  the  big^eyed  tuna  (figure  25B)  the  catch  rate  is  at 
its  lowest  in  March  and  reaches  its  peak  a  half  year  later  in 
September r 

Figure   25C   shows  the   spearfish   (chiefly  black  marlin) 
catch  conditionso      As  the  graph  shows,    the  catch  rate   is   lowest 
in  March  and  highest  in  August,,   but  the  variation  is  not  as 
marked  as   in  the  case  of  the  big-eyed  tunao 

Table   11 

Number  of  Times  Fished  and  Number   of 
Hooks    Fished  by  Months  /o^=-5°  Nc  „    150°-160°  eJT" 


Month 

Jano 

Feb. 

Marc 

Apro 

May 

June 

July 

Trials 
Hooks 

15 
24p081 

20 
24,964 

12 

12,495 

14 
18,110 

16 
26,028 

0 
0 

18 
31,540 

Month 

Augo 

Septo 

Octo 

Novo 

Dec, 

Trials 
Hooks 

4 
7,126 

6 
10,225 

13 
19^915 

37 
46,967 

21 
27p519 
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FIG.  25a     FISHING   CONDITIONS   BY    MONTHS  (YELLOWFIN) 
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FIG  25b  FISHING   CONDITIONS    BY  MONTHS  (  BIG -EYED) 


FIG  25c  FISHING  CONDITIONS  BY  MONTHS  (SPEARFISHES) 
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The  season  at  which  these  changes  in  the  catch  rates  occur 
may  be  earlier  or  later  depending  on  the  spGcies,  but  in  all 
cases  the  period  betrwreen  the  minimum  and  the  maximum  is  about 
a  half  a  yearo   It  is  thought  that  this  fact  is  worthy  of 
attentiono   It  may  be  considered  that  even  in  the  seas  of  the 
low  latitudesj  where  conditions  are  always  favorable  for  the 
tunas  J,  there  are  great  annual  movements  of  the  school  So 

When  it  comes  to  such  questions  as  whether  these  migra= 
tions  cross  the  Equator  into  the  southern  hemisphere^,  whether 
they  extend  far  eastward  to  the  coasts  of  the  American  continent, 
or  whether  they  pass  Malaysia  and  form  a  link  with  the  Indian 
Ocean  region,  there  are  no  data  at  all  which  might  clarify 
these  problems  and  there  is  under  present  conditions  no  way  of 
tackling  them.   Furthermore^  it  is  not  possible  to  explain  the 
relations  of  these  migrations  to  the  movements  of  the  schools 
in  the  fishing  grounds  of  high  latitudes  such  as  those  of 
Japanese  waters  because  what  data  we  have  only  cover  certain 
seasons  and  certain  areaso 

Figure  26  shows  the  changes  in  the  fishing  situation 
throughout  the  year  in  the  waters  of  the  Izu  and  Ogasawara 
island  groups.   According  to  the  graph,  the  yellowfin  catch 
rate  gradually  increases  from  April  to  July,  drops  in  August 
and  September,  and  rises  shai'ply  in  Novembere   The  accepted 
explanation  is  that  the  July  peak  consists  of  ascending  fish, 
while  the  November  peak  represents  returning  (or  descending) 
fisho   If  this  is  compared  with  figure  25A,  the  peak  which 
appears  in  the  season  of  ascending  fish  is  about  1  month 
later  than  the  maximum  in  the  low  latitudesc   The  peak  rep- 
resenting the  descending  fish  is  not  distinguishable  in  the 
southo   As  the  following  table  shows,  the  degree  of  reliability 
of  these  data  is  much  inferior  to  that  of  the  data  presented 
in  table  11 o 


Table  12 
Number  of  Times  Fished  and  Number  of  Hooks  Fished  in  Each  Month 

Jano 


Month 

Trials 
Hooks 


15 

15„954 


Febc 

50 
37,896 


Mar_c 
32 
29„234 


Apr„ 


1«448 


May 


21 


15£,486      13„959 


June 


22 


jJur^ 


7 
3,632 


Month 

Aug/ 

Septc 

Octo 

NoVo 

Dec. 

Trials 
Hooks 

3 
600 

4 
4,140 

5 
4,140 

4 
780 

7 
1.452 

Note?      Area  surveyed 


25°--30°  No, 
140°   -150°  E„ 
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FIG.    26    FISHING   CONDITIONS    BY   MONTHS 
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The  catch  rate  for  big-eyed  tuna  gradually  declines  from 
January  to  Aprils  rises  to  a  low  peak  in  Julys  and  is  at  its 
highest  for  the  year  from  October  to  December.   If  this  is 
compared  to  figure  25B,  it  seems  that  the  maximum  and  minimum 
appear  about  1  to  3  months  latere 

In  the  case  of  the  spearfishesp  there  is  an  extremely 
conspicuous  peak  in  May..   In  this  area  the  catch  in  April  and 
Kay  is  usually  mainly  striped  marlin,,  while  from  June  to  August 
the  black  marlin  are  on  the  increase.   Since,  however,  the 
records  are  not  clearly  defined  by  species,  it  is  difficult  to 
elucidate  the  catch  situation  for  each  specieso 

The  foregoing  deals  with  movements  of  the  schools 
extending  over  long  periods  of  timeo   The  data  obtained  by 
the  Haruna  Maru(227  on  fishing  conditions  off  the  Indian  Ocean 
coast  of  Sumatra  near  the  Equator  are  presented  in  the  following 
figToreo 

Table  13 

Fishing   Conditions   in  the   Coastal  Waters 
of  Sumatra  near  the  Equator    (Haruria  Maru,   1932J 


Date 

Position 

Size  of 
Yeliowfin 

Catch 
Rate 

Date 

Position 

Size   of 
Yeliowfin 

Catch 
Rate 

1932 

lO    „2"n' 

(kg; 

1^   -.2"N 

(kgj 

-^ 

Decc    14 

96°-97°E 

18„61 
35o29 

2ol2 

Deco    26 
"        27 

96''-97°E 
« 

22c55 
34o69 

5o76 

"        15 

24o09 

lOoOO 

"        16 

tt 

34o96 

14„00 

«        28 

0°^1°N 
970"98°E 

34e43 

13o46 

"        17 

u 

37o95 

14o55 

"        2S 

0O~l°S 
97"-98   E 

31o84 

2c  92 

**        18 

It 

36o02 

10„83 

"        30 

n 

32o33 

27o01 

"        19 

n 

39„85 

17„88 

"        31 
1933 

n 

35c07 

12„36 

•»        20 

H 

35„86 

17o83 

Jane    1 

» 

27„29 

5„07 

"        21 

n 

37„63 

21„88 

"        2 

w 

16a2 

7„11 

"        22 

w 

35oll 

13„61 

"        3 

0°-10N 
96°-=970E 

32„21 

3o06 

"        23 

tt 

16„84 

2„99 

u        4 

» 

34„17 

9o38 

"        24 

n 

30o41 

17o36 

«        5 

t( 

35o90 

9„86 

•        25 

n 

37„43 

22„15 

"        6 

»t 

37o06 

5o63 

Notes*    (l)  The  catch   rates   represent  the   number   of  yeliowfin  and  big-eyed 
tuna  per   100  hookso 


(,22;  rpj^g  Haruna  Maru  (1,537  tons)  was  converted  for  use  as  an 
experimental  tuna  camierj'  ship,  and  operated  in  1932  and 
1933,    chiefly  in  the   Indian  Ocean  area. 
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(2)  Underlined  figures  represent  occasions  when  the  fish  were 
particularly  smallo 

(3)  "Size  of  yellowfin"  is  the  average  of  the  yellowfin  in  the 
day's  catcho 

According  to  table  13 5  at  this  season  in  this  area  yellow- 
fin of  30  to  40  kilograms  predominatep  with  fish  of  around  35 
kilograms  being  most  numerous™   In  spite  of  the  fact  that  the 
area  surveyed  was  only  120  miles  from  east  to  west  and  180 
miles  from  north  to  souths  it  appears  that  from  time  to  time 
fish  of  remarkably  small  size  were  takai ^  and  on  the  days  when 
such  fish  were  taken  the  catch  rate  took  a  sudden  dropo   On 
the  whole,  one  can  detect  a  tendency  for  the  fish  taken  to 
become  somewhat  smaller  and  for  the  catch  rate  to  gradually 
become  lower  with  the  passage  of  time^   In  order  to  make  the 
data  of  table  13  easier  to  visualize,  they  are  presented 
graphically  in  figure  27o 

Whether  or  not  the  phenomena  described  in  the  foregoing 
are  due  merely  to  chance  cannot  be  ascertained  because  there 
are  no  other  data  with  which  to  make  a  comparisono   According 
to  Dro  Kishinouye,  the  black  tuna  taken  at  the  beginning  of 
the  fishing  season  are  large,  and  with  the  passage  of  time  they 
gradually  become  smallero   No  clear  explanation  can  be  given 
of  the  significance  of  the  fact  that  among  the  schools  of  fish 
of  about  35  kilograms  weight,  whic?i  are  thought  to  be  all  of 
about  the  same  age  groupp  there  suddenly  appear  from  time  to 
time  fish  of  markedly  smaller  sizes,  but  it  is  thought  that 
they  may  represent  fragments  of  a  number  of  schools  which 
successively  passed  through  this  sea  area„ 

The  validity  of  the  above  remarks  is  open  to  doubt,  but 
at  any  rate  the  phenomerxa  described  in  the  foregoing  probably 
give  some  hint  as  to  the  movements  of  the  schools  in  this  area. 

It  is  said  that  if  you  go  to  the  seas  of  the  low  latitudes, 
you  can  catch  yellowfin  at  any  time,  but  the  data  presented 
above  show  that  the  fishing  conditions  are  by  no  means  always 
the  sameo   In  other  words,  even  in  these  latitudes  a  fishing 
season  can  be  discerned,  however,  this  fishing  season  differs 
in  some  respects  from  that  of  the  high  latitudes o   In  waters 
which  seasonal  changes  place  outside  the  limits  of  distribu- 
tion of  tuna,  there  is  no  catch  at  all  except  during  the  fishing 
season,  while  in  the  lovf  latitudes  the  change  is  expressed 
simply  in  terms  of  an  increase  or  a  decrease  in  the  catch  rate. 

As  was  shown  in  table  3j,  the  value  and  significance  of 
the  fishing  grounds  vary  remarkably  from  one  area  to  another,, 
Some  remarks  on  this  sort  of  variation  are  to  be  set  forth  in 
the  following  section,  but  it  shows  that  even  in  waters  of  the 
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low  latitudes  the  distribution  of  the  tunas  is  by  no  means 
everywhere  equalo  Unless  one  has  as  much  knowledge  as  can 
possibly  be  obtained  concerning  the  regional  variations  in 
fishing  seasons  and  fishing  grounds,  as  set  forth  above, 
venturing  forth  to  fish  in  distant  waters  is  fraught  with  the 
danger  of  unforeseeable  lossesc 

In  connection  with  the  fact  that  in  Japan  the  main  season 
for  tuna  longlining  is  the  winter,  Kimrura'^^^  has  put  forward 
the  explanation  that  "the  fishing  season  is  the  season  of  con- 
vection currents  in  the  ocean,  that  is,  the  winter,  when 
convection  currents  are  set  up  in  the  sea  water  and  the  tempera- 
tures at  the  50-100  meter  level  become  roughly  the  same  as  the 
surface  temperatureSo'n24  J 

itich  of  the  data  cited  above,  however,  show  rather  that 
the  density  of  distribution  increases  in  the  summer,  and  the 
season  of  migration  appears  to  be  different  for  each  specieso 
It  follows  that  there  is  great  doubt  as  to  whether  or  not  a 
sweeping  explanation  like  the  foregoing  can  be  applied  generally 
without  modifications.   The  fact  that  the  fishing  season  tends 
to  be  in  the  winter  may  probably,  more  simply  considered,  be 
ascribed  to  its  relationship  to  the  skipjack  fisheryo 

iio   Ocean  currents  and  fishing  grounds 

The  ocean  currents  each  have  their  different  physical 
characteristics,  and  they  have  the  greatest  effect  on  changes 
in  the  oceanographic  conditions  in  the  sea  areas  which  belong 
to  their  systemso   They  therefore  naturally  bear  a  very  important 
relationship  to  the  fishing  seasons  and  fishing  grounds  of  the 
tuna  fishery^ 

The  tuna  grounds  of  Japanese  waters  are  for  the  most  part 
under  the  direct  control  of  the  Kuroshioo   Furthermore,  the  grounds 
north  of  the  Bo'so"  Peninsula  are  directly  affected  by  the  Oyashio 
in  its  reciprocal  relationship  with  the  KuroshiOo   This  has 
already  been  set  forth  in  outline  in  the  section  on  '^Distribution 
and  Migration,," 

Even  in  cases  where  there  impinge  upon  each  other  two 
currents  which,  unlike  those  thatp  like  the  OyashiOp  have  com- 
pletely negative  characteristics  as  regards  the  distribution  of 
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''   '  Kimura,  Kinosuke,  1942o   Tuna  and  spearfish  fishing 
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conditions.      Lectures   on  Fisheries  Technology,, 

The  albacore   and  the  big-eyed  tuna  are  the  main  species 
whose   catch  increases   in  the  winter,, 
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the  tunasj,   have   characteristics  that  make   it  possible  for   tuna 
to  inhabit  their  waters^    and  which,    in  fact.,   do  afford  a 
habitat   for  tuna^    it   is    sometimes  s  een  that  v/hen  one  crosses 
the  boundary  between  the  two  currents p   the  distribution  of  the 
tuna  is  remarkably  differentc      In  other  wordsp    there  are   cases 
where  the  boundary  between  two   currents  marks  a  conspicuous 
difference   in  the  value   and  significance  of  the  waters   as   fishing 
grounds.,      This   phenomenon  has   already  been  treated  to  some   extent 
in  the   section  on  '*Di  stribution  and   Migrations",    but   it  will  be 
further  gone  into  in  this   sectiono 

The  following  table   shows   a  comparisons   based  on  data  from 
surveys   in  the   fomier   «J^apanese  mandated  South  Sea  islands 
(CP    -  10°   N„,    130°   -  160°   Eo),   of  the  fishing  conditions  north 
and   south  of  the   line  of  5°   N„ ,    leaving  out  all   consideration 
of  longitude,   year,    or  season.      The   data  employed  are  all   from 
reports   of   research  vessels  j,   no  results  of   commercial    fishing 
operations  being  includedo 

Table   14 

Fishing  Conditions  by  Areas 
(former  South  Seas  Mandate) 


Trials 

Hooks 
Fished 

Yellowfin 

Big-eyed 

Spearf ishes 

Total 

Area 

Fish 

Catch 
Rate 

Fish 

Catch 
Rate 

Fish 

Catch 
Rate 

Catch 
Rate 

1°-5°N„ 
5°-10°N„ 

356 
332 

468,572 
315=267 

18,063 
4,845 

3o85 

lo57 

2,077 
1,192 

0c44 
0o38 

2,996 
1,760 

0c64 
0o56 

4.93 
2o51 

Notes      Ii 

1  addit 

ion  to  th 

e  above 

a  sma 

LI   amou 

nt  of 

albacc 

jre  was  taken^ 

The  reason  for  dividing  this  area  along  the  line  of  5°  N„ 
is  as  follows  8 

In  this  area  there  are  two  conspicuous  ocean  currents o 
One  is  the  North  Equatorial  Current,  which  runs  west,  the  other 
is  the  Equatorial  Count ercurrentj  which  runs  easto   The  boundary 
between  these  two  currents  varies  in  different  years,  in  different 
areas,  and  at  different  seasonso   Furthermore,  this  boundary  is 
not  a  straight  line,  but  lies  generally  within  a  range  of  50-8ON0 
For  our  purposes  it  would  be  desirable  to  draw  a  sharp  delimita-" 
tion  by  means  of  a  current  boundary,  but  as  an  actual  problem 
this  is  impossibloo   Therefore,  if  the  line  of  5°  No  is  used, 
the  region  to  the  south  of  it  will  at  least  be  completely  within 
the  Equatorial  Count ereurrento   To  the  north  a  portion  of  the 
Counter  current  will  also  be  included,  but  the  greater  part  of 
the  area  will  be  w.dthin  the  influence  of  the  North  Equatorial 
Current o 
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Fishing  conditions  in  the  two  regions  delimited  on  this 
basis  are,  as  table  14  shows,  conspicuously  different o   As  is 
clear  from  the  table,  the  catch  rates  for  big-eyed  tuna  and 
spearfishes  hardly  differ  at  all,  but  the  catch  rate  for  yellow- 
fin  in  the  northern  area  is  less  than  half  whuc  it  is  in  the 
southern,  and  on  the  whole  the  catch  rates  north  of  the  line  are 
remarkably  low„   This  maans  that  if  the  two  areas  are  compared 
as  fishing  grounds,  the  northern  is  far  inferior  to  the  southerno 

As  there  are  very  few  data  on  which  to  base  a  judgment  as 
to  whether  the  fish  in  the  tv^o  areas  are  of  different  age  groups 
or  whether  it  is  simply  a  case  of  the  same  groups  having  a 
different  density  of  distribution  in  the  two  areas,  this  point 
i  s  unknowno 

A  consideration  of  data  obtained  in  the  Indian  Ocean 
region  reveals  some  phenomena  of  extraordinarily  deep  interesto 
The  data  from  this  region  are  limited  to  the  period  from  Noventier 
to  February,  so  the  year-round  situation  is  completely  unknown, 
but  some  discussion  is  possible  of  the  relationship  between  the 
ocean  currents  and  the  distribution  of  the  tuna  during  the 
season  of  northerly  winds o 

The  following  table  gives  the  data  from  the  Indian  Ocean 
region  arranged  generally  in  order  from  north  to  south  without 
regard  to  the  year  of  the  survey. 
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Table  15o --Fishing   Conditions  by  Areas    (Indian  Ocean  region) 


Area 

Hooks  " 

Yellowfin    | 

Big- 

eyed 

Spear 

fishes 
Catch 

Average 
Yellowfin 

Date 

Catch 

Catch 

Notes 

Fish 

Rate 

Fish 

Rate 

Fish 

Rate 

Weight 

1930 

I 

60=  iS^N 
920=   940^ 

2,944 

168 

5o61 

6 

0„20 

3 

IcOO 

42 

Hakuyo"  M^ 

n 

XII 

6°-          9ON          ,       .go 

93°     97OE     ^'^^^ 

158 

4o80 

0 

OoOO 

7 

2oOO 

37 

tt 

1931 

I 

60-     70N 
93°-  94OE 

600 

36 

60  00 

1 

Ool? 

1 

Oei? 

46 

tt 

1932 

I 

6°-     7°N 
93O.  940  s 

1,779 

335 

18o92 

3 

0.16 

11 

0o63 

36 

i< 

1933 
I 

5°-     7°N 
92°"   94°S 

8^480 

472 

5»57 

33 

0o39 

48 

0o57 

40 

Haruna  M« 

1934 
II 

5°-     6°N 
94°"  95° E 

12,032 

1,258 

10.45 

47 

0o39 

128 

I0O6 

45 

Hakuyo"  Mo 

1931 

I 

0°.    e^N 
95°-   97°E 

900 

37 

4ai 

0 

OoOO 

7 

2,78 

26 

Haruna  Mo 

1932 

XI 

Near 
Equator 

7,800 

341 

4„37 

65 

Do83 

31 

2c40 

35 

i« 

1932 
XII 

0°^    30N 
96°-   98°E 

12,152 

616 

5o07 

88 

0o72 

59 

0o49 

33 

!t 

1932 
XII 

1°S-  2°N 
96°-   98 °E 

27,528 

3,497 

12o71 

412 

1.50 

114 

0o41 

33 

It 

1933 

I 

1°S.  5°N 
9.^9-   98°E 

L2,800 

815 

60  37 

102 

0„80 

90 

0„70 

32 

tt 

1933 

I 

3°-     6°H 
94°-  96°E 

L7,272 

1,626 

9o41 

104 

0c60 

204 

I0I8 

33 

H 

1933 

II 

5°-     6°N 
94°-   95°E 

4,320 

474 

10o93 

48 

llol 

56 

1<,27 

33 

II 

1933 
XII 

2°=     7°S 
98°-105°E 

11,808 

427 

3c62 

75 

0o63 

76 

2.64 

49 

U 

1934 

I 

5°-     6°S 
LO3°-105°S 

i«r 

1,304 

7o80 

213 

lo32 

100 

O06O 

50 

« 

1934 

I 

1°S~  6°N 
94°-   98 °E 

22,080 

1,840 

80  33 

162 

0„73 

182 

0„82 

43 

» 

± 

Java 

9,620 

290 

3o02 

63 

0o65 

61 

0,53 

48-50 

» 

iUL 

Lesser 
Sundas 

48,274 

4,032 

8o35 

161 

Oc33 

322 
1 

O066 

48-50 

u 

Notes?      ^  Total  of  Hakuyo  Maru,    Jam    1931,    and  Haruna  MarUj,   Dec,    1932o 

^^  Total  of  Hakuyo"  Maru,    Haruna  Maru^   Kiyo"  Jiaru,    and  Zuiho"  Maru, 
1933-1940„ 

(?)   T^o graphical  error  in  original- 
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The  facts  which  may  be  gathered  from  the  foregoing  table 
can  be  listed  as  followss 

lo   The  fishing  gradually  improves  from  November  on,  and 
is  very  good  in  January  and  Februaryo 

2o   In  the  area  between  the  Equator  and  about  6°  N,,  the 
schools  appear  to  be  dense,  and  there  is  little  variation  in 
fishing  conditionso 

3c   Variations  in  the  fishing  conditions  appear  to  be 
somewhat  more  marked  south  of  the  Equatoro 

4o   The  fishing  is  conspicuously  poor  in  the  coastal 
waters  of  Java,, 

5o   Fishing  north  of  6°  N„  is  inferior  to  the  fishirig 
south  of  that  latitude, 

6o   Fishing  is  good  around  November  in  the  coastal  waters 
of  the  Lesser  Sunda  archipelagOo 

7„   Big-eyed  tuna  are  most  abundant  around  December  and 
gradually  decrease  thereaftero 

8o   The  spearfishes  seem  to  be  most  abundant  around 
February,  somewhat  later  than  the  big -eyed  tunac 

9,   In  the  coastal  waters  of  the  Lesser  Sundas  the  yellow- 
fin  are  largeo 

lOo  From  the  average  size  of  the  yellowfin,  the  catch  rates p 
and  the  composition  of  the  catch  it  is  thought  that  there  are 
boundaries  near  6*  II„  >,  near  the  Equator,  in  the  vicinity  of 
Sunda  Strait,  and  in  the  vicinity  of  Lombok  Straitj,  and  that  the 
schools  which  occur  on  each  side  of  these  boundaries  are  different. 

It  has  been  said  that  the  size  of  yellowfin  differs  by 
regions,  and  if  this  is  represented  graphically  for  the  sake  of 
clarity,  we  get  figure  28o  This  graph  is  based  on  surveys  made 
between  the  west  coast  of  Sumatra  ajid  the  Nicobar  Islands,  and 
the  average  weight  of  the  yellowfin  taken  in  each  survey  has 
been  plotted  for  each  d egree  of  latitudeo 

Figure  29  shows  the  currents  in  this  region  during  the 
season  of  northerly  windSo 


Figure  29o— Chart  of  currents  in  the  northeastern  Indian  Ocean 
( Jano -March) 0 
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FIG.  28     AVERAGE   YELLOWFIN    WEIGHT    BY   AREA 
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The  boundaries  between  currents  on  this  chart  and  the 
boundaries  of  fish  distribution  which  appear  in  figure  28 
coincide  almost  perfect ly.   Figure  28  shows  that  in  the  range 
of  5°  -  6°  north  and  south  of  the  Equator  the  majority  of  the 
yellowfin  have  an  average  w^eight  of  30  -  40  kilograms,  followed 
by  those  of  20  -  30  kilogramSo   Fish  of  10  -  20  kilograms  are 
few,  and  there  are  none  over  50  kilograms o   North  of  5°  N„  fish 
of  30  -  40  kilograms  and  those  of  40  -  50  kilograms  are  about 
equal  in  numbers,  and  some  fish  v/eighing  more  than  50  kilograms 
also  appearc   South  of  5°  So  averages  of  30  -  40  kilograms 
hardly  appear  at  all,  the  majority  being  within  the  ranges  of 
40  -  50  and  50  -  60  kilograms o   These  relationships  are 
presented  in  tabular  form  in  table  16o 


Tabl 

e  16 

Average  Weights 

of  Yellowfin  Taken  by  Area 

( Sumat  ran 

waters) 

Area 

0-10  kgo 

20-30'  kgo 

30-40  kgo 

40-50  .kgo 

50-60  kg„ 

Trials 

% 

Trials 

% 

Trials 

% 

Trials 

% 

Trials 

% 

5°N-5°S 

4 

5<,4 

15 

20o3 

6 

62  ,,2 

9 

12ol 

0 

OoO 

5°-10°N 

1 

le8 

1 

lo8 

24 

42el 

25 

43„8 

6 

10o5 

so-s^s 

0 

OoO 

1 

5o9 

1 

5o9 

7 

41o2 

8 

47.0 

Kotess   (Ij  The  number  of  trials  is  the  number  of  fishing  experime nt s 
in  which  the  average  weight  fell  within  the  particular 
weight  category o 

(2)  %   is  the  percentage  which  (l)  was  of  all  fishing  experiments 
within  the  areao 


As  was  stated  at  the  beginning  of  this  section,  it  is  very 
natural  that  there  should  be  a  close  relationship  between  the 
ocean  currents  and  the  distribution  of  the  tunas,  and  there 
hardly  seems  to  be  any  need  for  stating  it  anew„   Nevertheless, 
it  must  be  said  that  the  sort  of  facts  that  appear  in  table  3, 
tables  14-16,  and  figure  28  provide  very  important  indications 
for  the  consideration  of  fishing  groundso   Furthermore,  it  is 
thought  that  these  facts  indicate,  not  only  that  the  density  of 
distribution  of  the  tunas  differs  in  different  current  systems, 
but  that  in  different  currents,  even  though  they  may  be 
adjacent  to  each  other,  there  occur  different  kinds  of  fish  and 
different  age  groups » 

It  cannot  be  denied  that  in  past  surveys  of  tuna  grounds 
this  point  of  view  has  been  neglected.   In  the  future,  investiga- 
tions in  this  field  must  be  greatly  emphasized,  both  in  order 
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to  gain  knowledge  of  the  tuna  stocks  and  to  maintain  and  improve 
the  stability  of  the  f isheryo   In  the  warm  seaSj  particularly, 
where  the  water  temperatures  are  always  within  the  range  habit- 
able by  the  tunas,  water  temperatures,  especially  surface  water 
temperature,  has  very  little  significance  and  value  as  an 
indicator  of  the  distribution  and  fishing  potentialities  of 
tuna^   For  this  reason  it  is  considered  necessary  that  close 
attention  be  always  given  to  changes  in  the  position  and 
strength  of  the  currents^ 

iiio   Topography  and  fishing  grounds 

^^Yhere  there  are  shoals  and  sea  mounts  in  the  ocean,  tuna 
grounds  often  develop  in  their  vicinityo   Examples  in  Japanese 
waters  are  the  Kinan  Reefs  south  of  Shionomisakis  the  KoKo  Bank, 
named  for  the  Kochi  Prefecture  research  vessel  Koho"  Maru,  and 
many  others  in  the  vicinity  of  the  Okinawa,  Izu.c  and  Ogasawara 
archipelagoes 

In  places  with  this  sort  of  topography  one  sees  the 
phenomenon  of  so-called  resident  schools  (setsuki)p  and  because 
the  schools  remain  in  the  locality j,  fishing  continues  good  over 
long  periods  of  time  or  at  all  timeso   The  following  explanation 
is  given  for  this  phenomenono 

In  such  places  the  sea  water  is  stirred  up  and  the  water 
from  the  lower  levels,  rich  in  nutrient  salts,  is  pushed  up  to 
the  surfacec   As  a  result  the  growth  of  plankton  is  stimulated 
and  fish  are  attractedo   Or  a  sort  of  vortical  current  may  be 
formed  which  will  concentrate  the  small  animals  upon  which  fish 
feed,  and  therefore  food  will  be  always  abundanto 

It  is  thought  that  the  foregoing  is  quite  a  reasonable 
explanation  of  the  phenomenon  of  resident  schools  in  the  vicinity 
of  bankSp  but  there  is  some  room  for  doubt  as  to  whether  or  not 
it  exhausts  the  subjectc   Problems  of  this  sort  require  further 
study  in  the  ecology  of  fishes o  IThatever  the  theoretical  basis 
may  be,  however,,  it  is  a  fact  that  in  seas  having  this  sort  of 
topography  there  are  tuna  grounds  of  a  permanent  and  stable 
character o 

Until  recent  years  the  notion  that  tuna  longline  grounds 
were  restricted  to  waters  of  this  sort  was  strongly  prevalentp 
and  there  was  a  tendency  for  large  numbers  of  boats  to  con-" 
gregate  to  fish  in  limited  areaso   Furthermore,  exploration  for 
new  fishing  grounds  was  largely  a  matter  of  searching  for  such 
banks  o 

Waters  where  islands  occur  in  the  migratory  paths  of  the 
tunas  are  also  notable  for  their  tuna  fishing  groundsc,   There 
is  probably  no  need  to  cite  examples  or  to  explain  the  reasonso 
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rs,  hovirever,      -•he  tuna  Icrigline  fishery 
has  daveloped  witn  rapid  stride,   ...  ;:he  fis!-"-!^^  grounds  have 
been  expanded,  it  lias  become  evif^.-v':  that  fi^/i-.:.c  3rounds  are 
not  Gcnfined  to  areas  having  the  scrt  of  "opogrc^'y  described 
above.   For  example,  the  v.-aters  IOC  <=  200  niilec  v'^^t  of  tb3 
Riilippines,  which  are  among  the  deepest  in  t'—;   ,    .  possess 
excellent  fishing  grounds  at  certain  seasons,   i.i  ;>;s  ise  the 
aibacore  grounds  east  of  Cape  Koji^-ia  and  ths  yellov.-_'in  grounds 
near  the  Equator  are  located  right  out  in  the  middle  of  the 
open  sea,  and  it  is  difficult  tc  s  ee  how  they  may  be  relf:tec 
to  the  configuration  of  the  sea  bottom  or  the  position  of  land 
masses. 

Tj-is  situation  seems  extremely  natural,  if  we  take  into 
account  the  migratory  character  of  the  tunas.   If  we  only  had 
the  requisite  knowledge  of  the  seasons  and  routes  of  their 
migrations,  :Ye  could  tell  directly  -Ahen  the  fishing  would  be 
good  and  which  areas  could  be  developed  as  fishing  grounds, 
without  any  reference  to  the  topography. 

In  short,  such  topographically  defined  fishing  grounds 
are  an  extremely  limited  part  of  the  total  potential  tuna  long- 
lining  grounds.   On  the  other  hand,  the  fishing  grounds  which 
lie  along  the  naths  of  migration  are  highly  mobile  and  extremely 
generalized  in  character.   This  is  not  to  say  that  the  fishing 
grounds  possessed  of  the  type  of  topography  described  above  have 
little  significance  and  value.   The  point  is  that  each  type  of 
ground  has  its  particular  characteristics. 

iv.   Relationship  tc  other  marine  life. 

In  a  broad  sense,  all  of  the  marine  animals  living  vj-ithin 
the  range  inhabited  by  the  tunas  are  related  to  then  in  some 
way,  and  by  extension  bear  some  relationship  to  the  fishery. 
It  must  not,  however,  be  thought  thax  a.  great  problem,  such  as 
these  relationships  present,  can  be  studied  thoroughly  in  a:iy 
short  period  of  time.   Furthermore,  corisidering  it  as  an  actual 
problem,  the  knowledge  which  we  have  been  able  to  gain  up  to 
the  present  is  really  insignificant,  \ie   will  consider  here  only 
two  or  three  exomples  which  are  thought  to  have  an  especially 
direct  connection  with  the  tuna  fisliery. 

The  first  example  is  that  of  the  marine  animals  which  are 
es.ten  by  the  tunas.   It  may  be  thought  that,  other  oceanograp-ii- 
cal  factors  being  equally  favorable,  an  area  where  food  organisms 
are  abundant  will  have  superior  possibilities  as  a  fishing  ground 
over  one  where  such  organisms  are  scarce.   The  type  of  fishing 
ground  described  above,  where  resident  schools  are  found  on  sJioals, 
is  evidence  of  this  sort  of  superiorit;,-.   Among  the  fishing  grounds 
in  Japanese  home  waters,  the  black  tuna  grounds  off  Tanegashima 
and  in  Hokkaido'  waters  may  be  considered,  from  one  point  of  view, 
to  have  exactlv  this  same  sort  of  sigrj.f icanoe. 
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The  migrationsp  fishing  groundSj,  and  fishing  seasons  of 
the  tunas  and  the  skipjack  in  Japanese  waters  have  in  the  past 
been  studied  and  actually  explained  mostly  on  t^e  basis  of 
oceano graphical  facto rs„   The  policy  and  purport  of  such  studies 
rest  on  the  idea  that  the  various  biological  phenomena  in  the 
seas  are„  in  the  last  analysis j,  based  on  and  directly  or 
indirectly  controlled  by  the  physical  character  of  their  waterso 
There  is  no  room  for  doubt  as  to  the  rationality  of  this  viewo 
Studies  of  this  sort  might  be  called  the  method  of  direct  attacko 

Let  us  now,  however,  just  consider  as  a  factor  in  the 
fishing  season  and  fishing  conditions  of  the  black  tufta^  the 
water  temperature „ which  has  hitherto  been  the  factor  most 
emphasized  and  most  widely  utilized,.   As  far  as  is  known  at 
presents  the  range  of  water  temperatures  habitable  by  this 
species  is  very  broad,  extending  from  about  5°  to  29OC0   This 
is,  of  course,  considering  the  whole  range  of  the  habitat  of 
the  black  tuna,  and  cannot  be  applied  to  such  limited  areas  as 
the  waters  off  Tanegashima  or  off  Hokkaido"c,   In  such  limited 
limited  areas  the  extent  of  the  fluctuations  in  oceanographic 
conditions  is  not  that  great,  and  also  the  adaptability  of  the 
black  tuna  is  probably  not  such  as  to  enable  it  to  withstand 
sudden  temperature  changes  of  such  a  magnitude   They  doubtless 
do,  however,  possess  a  certain  degree  of  adaptabilityj,  and  do 
not  respond  to  temperature  changes  with  the  exactness  of  physical 
phenomeria,  as  when  water  freezes  at  0°  Co  and  boils  at  100°  Co 

As  has  already  been  stated,  near  the  limits  of  the  habitat 
the  water  temperature  is  a  verj'  potent  indicator  of  the  fishing 
conditions  and  the  fishing  seasons,  but  it  cannot  be  said  to  be 
infallibleo   In  the  low  latitudes ^  tdiere  the  water  temperatures 
are  always  within  the  habitable  range,  their  significance  and 
value  as  an  indicator  of  fishing  seasons  and  fishing  conditions 
are  markedly  diminished.   From  the  realistic  point  of  view  of 
the  operation  of  a  fishery,  it  would  be  a  very  fine  thing  if 
there  were  a  more  direct,  effectivei,  and  simple  indioator. 

There  is  no  doubt  that  the  direct  cause  of  the  distribution 
and  migrations  of  the  tunas  is  related  mainly  to  the  distribution 
of  their  natural  foodo   To  cite  again  the  example  of  the  black 
tuna,  it  is  recognized  that  the  schools  which  during  the  winter 
are  in  the  so-called  Satsunan  Sea  Area  begin  a  northward  migra- 
tion in  the  spring,,   The  explanation  given  hitherto  for  this 
migration  is  that  "as  the  water  temperature  rises  in  the  Kuroshio, 
the  northward  movement  begins,  and  by  midsummer  the  fish  reach 
the  waters  from  Sanriku  to  Hokkaido'c"  The  author  himself  has 
used  similar  expressionso   Thorough  notice  should  be  taken, 
however;,  of  the  fact  that  this  northward  migration  follows 
nearly  the  same  track  as  the  migration  of  the  sardine  in  Japanese 
water So 
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Around  January  and  February  the  sardine  form  great  schools 
in  the  area  centered  around  Tanegashimaj  where  they  spawn  in 
large  numbers „  then  gradually  move  northward  along  the  Japan 
Sea  and  Pacific  coasts  of  Japan,  reaching  the  Hokkaido"  area  in 
the  summer  and  autunuio   This  has  been  the  standard  pattern,  of 
their  migrations  in  the  paste   In  recent  yesro  ihe  number  of 
sardines  on  the  Tanegashima  spawning  grounds  has  shovm  a  rapid 
decline  and  the  catch  in  Japanese  coastal  waters  has  also  dropped 
sharplyo   At  the  same  time  the  black  tuna  fishing  in  the  Satsunan 
Sea  Area  has  become  very  poor  and  has  been  almost  abandoned^ 

Another  example  is  that  of  the  spearfish  fishery  in  the 
waters  e*ast  of  Taiwanr,   This  area  is  known  as  an  excellent 
ground  for  these  fishes  during  the  northeast  monsoon,  and  the 
success  of  the  fishery  is  thought  to  be  intimately  related  to 
the  abundance  of  such  fishes  as  the  round  herrings  DecapteruSfl 
and  mackerels  which  migrate  successively  into  the  areao   Of 
course  the  abundance  of  these  fishes  upon  which  the  tunas  feed 
is 5,  after  all^  controlled  by  changes  in  oceanographic  conditions,, 
It  goes  without  saying  that  all  of  these  various  problems  are 
in  the  end  bound  up  with  the  productive  potential  of  the  oceanj, 
and  they  probably  cannot  be  solved  except  by  the  method  of 
direct  attack  referred  to  abover,   However »  from  the  standpoint 
of  the  tuna  fishery  and  its  present  problems ^  and  leaving  out 
of  consideration  these  basic  questions  s,  it  would  be  extremely 
useful  if  these  food  organisms  could  be  directly  utilized  as  an 
indicator  of  fishing  conditions  and  fishing  seasons^   Of  coursej, 
in  order  to  do  this  it  would  be  necessary  to  clarify  further 
the  mutual  relationships  between  the  tunas  and  these  organisms o 
And  even  if  it  were  possible  to  use  such  food  organisms  as 
indicatorsj,  if  it  turned  out  that  their  ecology  was  more  com- 
plex and  difficult  of  investigation  than  that  of  the  tunaSp 
they  would  in  actuality  be  worthlesso   It  is^,  after  all,  a 
question  of  convenience c 

The  second  case  is  that  of  the  relationship  to  the  tuna 
fishery  of  fishes  having  ecological  characteristics  and  habits 
resembling  those  of  the  tunaso   As  exanples  of  species  having 
such  habits  we  can  cite  the  skipjack^  cybiidSj,  Lampris  regia, 
the  dolphin,  and  many  sharks,,   Among  these  fishes  some  have  a 
fairly  important  significance  in  the  catch  of  the  tuna  longline 
fisheryo   The  sharks  are  significant  in  one  respect  as  a  part 
of  the  catchj,  and  in  another  as  pests  which  damage  the  fish 
hooked  on  the  lineSo 

It  is  known  that  the  migrations  of  some  of  these  fishes 
precede  those  of  the  tunas ^  others  occur  at  the  same  time^  and 
still  others  follow  themo   It  follows  thatj  aside  from  their 
significance  as  a  part  of  the  catch  or  as  harmful  pests^  referred 
to  above,  they  may  be  thought  to  have  potential  value  as  actual 
indicators  of  fishing  grounds  and  seasonso   Butj,  although  there 
are  knovm  to  be  many  fishes  which  have  such  a  close  relationship 
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with  the  tuna  fishery^  our  knowledge  concerning  these  fishes  is 
extremely  poor  and  has  not  been  brought  to  the  point  where  it 
can  make  any  real  contribution  to  the  operation  of  the  fisheryo 
It  is  believed  that  m  order  that  this  fishery  may  have  a 
healthy  development^  there  is  a  great  necessity  for  surveys 
and  studies  which  will  consider  all  of  these  species  togethero 

As  has  been  previously  stated^  the  distribution  of  the 
tuims  is  thought  to  differ  markedly  in  different  current  systemsc 
Hot  only  does  the  catch  rate  change  sharply  when  a  current 
boundary  is  crossedp  but  in  extreme  cases  the  kinds  of  fish 
making  up  the  catch  also  differ  completelyo   The  carrying  on 
of  detailed  oceanographical  observations  by  an  operating  fishing 
boatj  considered  as  an  actual  problenij  can  hardly  be  thought 
feasiblec.   At  present  almost  all  of  the  boats  are  taking  surface 
w^ater  temperatures,,  however^,  in  the  warm  seas  of  the  south  it 
is  difficult  to  detect  the  differences  between  water  systems 
accurately  by  observations  of  this  sorto 

Such  evidences  of  "active  waters'*  as  an  abundance  of  birds 
or  flyingfish  are  serving  some  purpose  as  indicators  of  fishing 
grounds s  but  they  can  hardly  be  said  to  sufficoo  What  is 
wanted  is  some  kind  of  indicator  by  means  of  which  a  simple 
operation  will  make  it  possible  to  find  easily  the  water  systems 
in  which  tuna  are  abundantly  presento   Such  an  indicator  would 
not  necessarily  have  to  be  any  of  the  fishes  discussed  in  the 
foregoingo   A  physical  factor  would  dOj,  or  plankton  might  well 
be  used,,  as  it  is  in  the  North  Sea  herring  fisheryo 

In  the  foregoing  we  have  presented  the  outline  of  some  of 
the  basic  factors  related  to  the  tuna  fisheryp  but  it  is  hard 
to  think  that  each  of  them  bears  an  individual  relationship  to 
the  fisheryo   Bather  are  they  probably  mutually  interrelated  in 
a  complex  fashiono   This  sort  of  complexity  is  an  essential 
characteristic  of  fishings  which  has  living  organisms  as  its 
direct  object^,  and  it  is  the  reason  for  the  extraordinary 
difficulty  of  fishery  investigationso 

To  sum  upi,  the  tuna  longline  fishery  must  be  said  to  be 
one  of  the  most  primitive  in  character  of  all  fisherieso  We 
do  notp  however^,  mean  to  say  that  because  of  its  primitive 
nature^  the  fishery  itself  has  little  prospect  of  future  develop- 
mento  In  view  of  the  characteristics  of  the  tuna  resources;,  we 
should  be  led  to  quite  the  opposite  conclusionc 

For  Japan^,  which  through  her  defeat  lost  so  many  other 
important  fisheries  resources ^  this  may  turn  out  to  be  an 
essential  resource^   However^,  the  fishery  can  never  be  satisfac= 
tory  in  its  present  forrao   It  must  be  given  a  higher  degree  of 
planability  and  stability  through  a  more  thorough  study  of  the 
essential  nature  of  the  resourceo 
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